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PREFACE

THE publication of my work "The Beginnings

of Life" in 1872 gave rise to a good deal of

criticism, and was followed by much controversy for

a few years. The criticism concerned both sections

of the work—that dealing with Heterogenesis, as

well as the portion in which I endeavoured to

establish the reality of Archebiosis, though there

was controversy only in regard to the latter subject.

The absence of controversy about Heterogenesis

was due to the fact that I made no reply whatever

to any of the criticisms concerning this section of

my book. It was a kind of subject which did not

seem open to profitable discussion, especially with

persons who declined to attempt to repeat the

observations in question.

I was at the time, however, more sanguine of good

resulting from a discussion concerning Archebiosis.

Much controversy therefore followed with some very

formidable opponents, and as a result I continued to

do further work in reference to this question up to

the year 1877. During that and the previous year

a very heated controversy was carried on with

Professor Tyndall in this country and with M.

Pasteur in France. Both were excessively dogmatic,

and one at least showed little courtesy to his

opponent ; so that, at last, a time came when, in my
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capacity as a comparatively young physician, I felt

compelled to renounce these investigations for a time

and to devote all my energies to professional work.

The last article written by me on the subject of

Archebiosis appeared in The Nineteenth Century

for February 1878, in reply to one from Professor

Tyndall.

Since that date I have published nothing on this

subject except a single chapter last year in my work
"The Nature and Origin of Living Matter." Still,

though nothing had been published, I had, in the

intervening years—from time to time, when oppor-

tunity permitted—done a good deal of v/ork in

reference to this question.

After having devoted most of my energies to

professional and teaching work during the following

twenty years, I resigned my teaching appointments

at University College and Hospital at the beginning

of 1898, in order that all the time and energy that

could be spared from private practice might then be

devoted to a reinvestigation of the subject of

Heterooenesis, concernino- which I had been silent

since 1872.

The fact of my silence for the previous twenty

years on both subjects may well have given colour

to the notion, probably entertained by many, that I

had been defeated and had given up the cause.

Meanwhile the most extraordinary advances had

been made by bacteriologists in many parts of the

world, resulting in an increase of knowledge of vast

importance for the science of medicine, and of a kind

which doubtless seemed to many only compatible
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with views opposed to mine. There is, however,

in reaHty no such irreconcilabiHty between my views

and modern bacteriological work. My views, in fact,

serve merely to give a broader outlook to aetio-

logical and sanitary problems.

This being the state of things, it may well be

imagined that if I had not been imbued with the

strongest feeling of the truth, in the main, of the

views which I had previously published concerning

Heterogenesis, I should never again have taken up

this very unpopular subject and have worked hard at

it for five years, till I had completed in 1903 my larger

work entitled *' Studies in Heterogenesis." During

these years the subject was worked at, partly over

new and partly over old ground, and this time with

the aid of photomicrographs rather than with

drawings, so as to avoid the bias more or less

inseparable therefrom.

During the past year, in my leisure time, I

have again been at work on the subject of Arche-

biosis, and have, I trust, done something at last

which will carry conviction to very many as to the

reality of the present de novo origin of living matter.

The penultimate chapters of this book will show that

in my new attempt to solve this old and fascinating

problem, the experiments have in some respects been

conducted in a new way, though by methods as

notable for their simplicity as for their stringency in

reference to all possible precautions.

London

January igo'^
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INTRODUCTION

AS knowledge increases concerning- any depart-

ment of science it almost always becomes

necessary to give up some terms or modes of

expression that have been long in use; either because

they convey notions absolutely irreconcilable with

the later development of knowledge, or because they

are too vague and general. Hence it is that the

phrase " spontaneous generation " should be rejected

at the present day. The phenomena hitherto re-

ferred to under this name would be no more
" spontaneous " than are any others which take

place in accordance with natural laws. The phrase

is, moreover, quite inadequate, since under it, if

retained, we should have to include two sets of

phenomena which, in the present day, ought to be

carefully discriminated from one another.

Many who have written on the subject of
" spontaneous generation " have, however, failed to

appreciate the full extent of the difference that exists

between the oriQ;in of livino- thinors from not-livingf

materials (Archebiosis), and their production, in

whatever fashion—whether by modes that are

familiar or by others which are unfamiliar—from

the substance of pre-existing living things. This

difference, which is so little dwelt upon by some,

assumes in the minds of others an overwhelmino-
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importance. They might be open to conviction

as to the possibility of living things arising by
previously unknown methods from the matter of

pre-existing living things (Heterogenesis) ; while

they would regard the origin of living things from

not-living materials to be altogether impossible.

It may be easily understood that the general

views entertained concerning Life—its nature, or

the meaning to be attached to it as a term—exercise

no small influence in producing a variation in the

point of view of different wTiters in regard to

iVrchebiosis. Thus, statements which would appear

to many to be consistent only with a belief in

Archebiosis are, when taken in conjunction with the

general views of the writers, often found not to

warrant any such conclusion.

This may be illustrated by reference to the views

of Burdach, the physiologist, from whom the term
" Heterogenesis " has been derived. In the first

volume of his " Physiologia," published in 1826,

Burdach introduced the words Hoviogenia and

Heterogenia, as names for the two principal class

distinctions in the mode of origin of living things.

Honiogenia was the class name applied to the

processes by which individuals result from pre-

existino- livinsf things similar to themselves in

organisation ; while Heterogenia was the class name
for processes by which living things arise from the

matter of pre-existing organisms belonging to a

totally di^erent species—the production, that is, of

alien forms of life from the actual substance of

orofanisms or their eerms.
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But Burdach g-ave to the term Heterogenesis a

wider signification still : he made it include the process

of Archebiosis also, as may be seen when he says ^ :

—

" Nul doute, que notre planete ne soit arrivee par

degres a son etat actuel, qu'a une epoque tres

reculee elle n'ait-ete inhabitable pour les etres

organises, et que tous ces etres ne soient formes peu

a peu sans parens, consequemment par la voie de

I'heterogenie."

Although this passage shows that Burdach

believed in the possibility of the origin of living*

things from what are called not-living materials,

nevertheless he did not believe that in such a case

there would be a creation of the something alto-

gether new, which we term " Life." This diver-

gence arises from the nature of his theoretical views.

The whole universe was to him the organism of

organisms, endowed with Life. Thus, elsewhere

he says ^
:
— "Mais si I'univers est I'organisme

absolu, chacune de ses parties doit etre un tout

organlque . . . II y a plus encore : la force du tout

doit etre inherente a chaque chose particuliere, et

effectivement nous rencontrons des traces de vie

da7is toute existence quelconqiieT

Very similar vitalistic or pantheistic doctrines

were also entertained by Buffon, Needham, and

Pouchet. Each of them believed that pre-existing

"vital force" of some kind—pre-existing Life there-

fore—was necessary, and that without the agency of

1 In the second edition of his work, as translated by Jourdan,.

"Traite de Physiologie," 1837, c. i. p. 8.

2 Loc. cit.^ t. iv. p. 149.
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this no living thing can come into being. They
also were heterogenists in the wide sense given to

this term by Burdach, and their theoretical views

would not have allowed them to believe in what we
have been speaking of as Archebiosis.

The term Heterogenesis is, however, always used

by me in the more limited sense originally given to

it by Burdach in his definition, as the class name for

processes by which living things arise from the

matter of pre-existing organisms belonging to a

totally different species. When such a process

occurs, it is a matter of altogether secondary import-

ance whether the individualisation of a portion of

the matter of an organism (with power of inde-

pendent development) takes place during the life of

such oro-anism or after its death—since the death of

any of the higher organisms does not at once entail

the death of the matter entering into its composition.

Its constituent parts continue to live for a time, and

gradually, at different intervals, they lapse into the

condition of mere dead matter.

When this stage comes, when the living substance

is dead, we still have to do with organic matter com-

posed of highly complex molecules—though now it is

soluble in water. But when such matter has given

up its semi-solid form and has undergone solution, it

is in no sense, in accordance with commonly re-

ceived views, to be regarded as living ; so that if, in

a solution thus formed, the evidence were to point

to the de novo origin therein of living units, we
might quite legitimately speak of it as a process of

Archebiosis. Although the matter in solution may
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have once entered into the constitution of living

things, it is now, in the ordinary acceptation of the

term, dead matter—just as much as the matter con-

tained in an ammoniacal saHne solution is dead

matter. It is true that the molecules in the org-anic

solution are much more complex, and that, on this

account, it might reasonably enough be considered

to be a more easy process to bring about a new life-

origination therein than in a more simple saline

solution. The principal lesson that we may learn

from such a fact would be, that the process of

Archebiosis, which so many believe to have un-

doubtedly occurred in the past (when hitherto there

had been no living thing on the face of the earth)

ought to be much more easy of occurrence in the

present day when organic matter in solution is so

widespread over its surface.

The foregoing views, and the radical distinction

between the processes of Archebiosis and of Hetero-

genesis, may perhaps be more fully brought home
to the reader by the following table reproduced

from my work, " The Beginnings of Life."

Origin
OF

Living
Things.

/ Archebiosis
' (primordial

origination).

Reproduction
(from pre-existing,

living things).

From not-living materials.

Heterosenetic.

Homogenetic.

1. From a portion of the liv-

ing matter of a pre - existing
organism

—

[a] after its death
;

(b) before its death.
2. By a molecular metamor-

phosis of the matter of an entire

organism.

3. By the metamorphosis and
fusion of many minute organ-
isms.

1. Indirect. Cases of " alter-

nate" or cyclical generation.
2. Direct. Continuous de-

velopment into the likeness of

jts parent.
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In the present volume I shall not deal at all with

Heterogenesls. Five years of independent work
have been recently devoted by me to this subject,

and the results were published in my " Studies in

Heterogenesis "
( 1 90 1 -

1 903) ; while portions of these

results, together with my views on the subject of

living matter generally, have been embodied in a

more popular form in my recently published book on
" The Nature and Origin of Living Matter."

Here we shall limit ourselves to the problems

connected with Archebiosis—that is, to the question

of the actual origin of life or the genesis of living

matter. I shall, moreover, limit myself to a con-

sideration of the evidence bearing upon this question

which has accumulated since 1872, when my work,
" The Beginnings of Life," was published. An
account of the earlier investigations on this subject,

from the time of Spallanzani and Needham onwards,

will there be found, which it would be comparatively

useless to attempt to repeat in a much condensed form.

It seems better to devote all available space to a fuller

consideration of the more modern aspect of the

problem and more recent experimental work—and,
moreover, to take a broad outlook upon the question

generally, in the light afforded by modern investiga-

tions on the constitution of matter, on the " mystery

of radium," and on "inorganic evolution."
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PART I

THE MODERN ASPECT OF THE QUESTION

CHAPTER I

THE EARTH AS ONE AMONG A MULTITUDE OF IN-

HABITED WORLDS

A STRONOMERS tell us that among the billions
'^~^ of suns which people space, thousands have

orbs circling round them which are, in all probability,

at this present time, the abode of living creatures

of some kind.

For, as Professor Simon Newcomb says,^ " In a

number of bodies so vast we should expect every

variety of conditions as regards temperature and
surroundings," so that if we suppose "the special

conditions which prevail on our planet are necessary

to the highest forms of life, we still have reason to

believe that these same conditions prevail on
thousands of other worlds."

That this is no mere individual and isolated

opinion can easily be shown. No man was more
cautious and exact in the expression of his opinions

^ Harper's Magazine, August 1905.

A I
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than the late Sir George Stokes, a former president

of the Royal Society, yet in his " Lectures on

Light" he says, in reference to the stars: "We
can hardly suppose that life is confined to one

particular planet circulating round one particular sun

out of this vast multitude . . . We can hardly avoid

surmising that these distant suns may, like our own

sun, be accompanied by planets circulating around

them, and that these planets again, or such of them as

may be habitable, are like our own earth, tenanted

by living beings, it may be by rational beings of

some kind " {loc. cit. pp. 243, 199).

And although life has undoubtedly existed on the

surface of our earth for an enormously long period,

yet, as R. A. Procter pointed out,^ "the whole

duration of life must be regarded but as a wave

on the vast ocean of time, while the duration of the

life of creatures capable of reasoning upon the

wonders which surround them is but as a ripple

upon the surface of such a wave." Thus, the in-

finity of habitable worlds implies also the existence

of an infinity of worlds not as yet habitable, or

which have long since passed their period of

habitability.

If the number of suns with their attendant planets

is so vast as to transcend all human powers of

imagination, still more hopeless would be the

attempt to form any conception of the infinite

realms of space through which these orbs are dis-

tributed. What is supposed to be the nearest

star, situated in the constellation Centaur, is so

^ " Our Place among Infinities," p. 6i.
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distant that, as computed by Prof. Bickerton/ " it

would take the swiftest express train forty milHons

of years to get to the nearest star "—while even

light, with its enormous velocity, would take over

four years to travel from it to us, and probably

thousands of years to reach us from one of the

most distant suns.

Yet all through this stupendous universe, as

Bickerton says, "the spectroscope reveals identity

of matter and community of motion."

Not only are the same elements that exist on this

earth found in the stars, but, as Sir Norman
Lockyer tells us^—and the statement, as we shall

see, is one of the greatest importance—they are

found in gradually increasing numbers, " as we come

down from the hottest stars to the cooler ones."

The number of spectral lines, as he says, gradually

increases, " and with the number of lines the number

of chemical elements." The full significance of

these statements will be revealed in the next two

chapters.

1 "The Romance of the Heavens," 1901, p. 162.

2 " Inorganic Evolution as studied by Spectrum Analysis," 1900,

p. 159.



CHAPTER II

THE CONSTITUTION OF MATTER

THE atomistic conceptions of Leucippus and

Democritus have acquired new interest owing

to the results of modern experimental work concern-

ing the constitution of matter. All substances, they

taught, were primarily formed of atoms too small

to be apprehended by the senses : indivisible and

unchangeable, though differing greatly in shape and

size. These atoms were supposed to be constantly

in motion and separated " by a void." The qualities

of different bodies were thought to be due in part to

the kind of atoms existing, and in part to their

arrangement in the bodies in question. Aristotle

put it thus :
" Democritus and Leucippus say that

all things are composed of indivisible bodies, and

that they are infinite both in number and in their

forms, and that the differences between things are

due to the elements of which they are composed

and to the position and arrangement of these

elements."

Such views were, of course, mere speculations

having no basis either in observation or in experi-

ment. But, like the modern " Atomic Theory," pro-

mulo-ated by Dalton in the early years of the last

century, these speculations rejected the notion of
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one primordial kind of matter, to which other

philosophers in intervening years had leaned.

Again, the atoms of the early philosophers were

indefinite in point of number, while those of Dalton

were strictly limited to the number of the different

chemical elements known to exist in his time. Each

atom was supposed by him to have a weight char-

acteristic of, and peculiar to, the element to which it

belonged ; and all were believed to be indestructible.

Dalton said,^ " we might as well attempt to introduce

a new planet into the solar system, or to annihilate

one already in existence, as to create or destroy a

particle of hydrogen "—a view which, as we shall

see, no longer holds good for all of the so-called

elements.

But Dalton's notion of an uncertain number "of

elementary principles which can never be meta-

morphosed one into another by any power we can

control," was, in the latter third of the last century,

gradually being superseded by the view, as Sir

William Crookes^ put it, "that our so-called

elements or simple bodies are in reality compound

molecules," made up by varying combinations of

some extremely minute primordial element, which,

confessedly hypothetical, he spoke of as protyle.

Crookes, however, demonstrated the actual exist-

ence of particles very many times more minute than

the chemical atoms, as constituents of the so-called

" cathode rays "—and resulting from the splitting up

of gases in vacuum tubes by electricity.

^
' New System of Chemical Philosophy," 1808.

" "Genesis of the Elements," Chemical News
^ 55, 1887, p. 83.
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Later, the researches of Professor J.J. Thomson ^

and his school have shown that in the conduction of

electricity through highly rarefied gases the particles

shot out from the cathode (or negative pole), con-

stituting the above-mentioned cathode rays, always

carry an electrical charge identical with that conveyed

by a single atom of hydrogen, though each particle

in these cathode rays associated with this constant

minimum charge has only about loVo of the bulk of

the hydrogen atom ; and, more important still, that

the particle is always of the same kind and size

whatever the substance may be from which the

cathode ray emanates. Such particles, all identical

in mass and in the charge which they carry, are by

Professor Thomson named "corpuscles," though

they are more commonly spoken of as " electrons "

—

a name previously suggested by Dr Johnstone Stoney,

and indicative of the view now held by many that

these elementary corpuscles are in reality electrical

units.

These "corpuscles "or "electrons" are indeed

now supposed to be the elementary units out of which

the atoms of the various chemical elements are

compounded—their number in each atom being very

great, and increasing with each increase in the

atomic weights of the several elements.

Thus, while an atom of hydrogen whose atomic

weight is very low (i) has been supposed to contain

looo of these corpuscles or negative electrons, an

atom of mercury, with a very high atomic weight

(200), has been supposed to contain 100,000 of such

^ "Conduction of Electricity through Gases," 1903.
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elementary units. What seems, however, more
astounding still is the fact, as stated by Sir Oliver

Lodge, that even with these vast numbers in a

single atom the corpuscles do not "fill all the space,

and if the distance between them were calculated

they seemed to be about as far apart, in proportion

to their size, as the planets in the solar system." It

is, in fact, now supposed by many authorities that

there is "in the case of the atom, nothing but a

group of positive electrons, forming a body like our

sun, round which their negative partners revolve at

distances and in orbits corresponding not imperfectly

to those of the planets . . . and the difference of

chemical and physical behaviour displayed, for

instance, by an atom of hydrogen and another of

iron is accounted for by supposing the planets of

one to be either more numerous, or to have different

orbits from those of others."^

This last is an all-important statement, but it is

needless for us here to attempt to follow the actual

investigations further. What they have led to is

this : that the corpuscle or electron is the in-

finitesimally minute primordial substance, the

compounding of which in vast and gradually increas-

ing numbers gives rise to the several collections of

properties met with in the atoms of the different

so-called elements. In what precise way these

combinations are brought about we know not

;

though in the next chapter some of the conditions

will be made known that appear to have favoured

the process, and which permitted the locking up,

^ AthencEUVi^ May 27, 1905, p. 551.
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within the atoms, of the vast stores of energy which

they are now known to contain.

Radium, thorium and uranium are the three

chemical elements whose atomic weight is the

highest : and how great is the difference, in this

respect, between the several chemical elements may
be gathered from the fact that the atomic weight of

hydrogen being i, that of uranium is 239. Think

what this means in the way of atomic complexity

for uranium, when even the atom of hydrogen is

supposed to contain no less than 1000 corpuscles.

How vastly complex must be the atoms of these

higher terms of the series, such as radium, thorium,

and uranium ! And how vast, too, must be the

amount of intratomic energy locked up within such

larger atoms may be dimly understood when we are

told that Professor Thomson "as the result of his

calculations, concludes that a grain of hydrogen has

within it energy sufficient to lift a million tons

through a height considerably exceeding one

hundred yards ; and that since the amount of energy

is proportional to the number of corpuscles com-

prising the atom of the element, the energy of the

other elements such as sulphur, iron, or lead must

enormously exceed this amount." ^

From what has been said it may be gathered how
impossible it must be to form any adequate con-

ception of the complexity of matter, when we
consider not only this marvellous constitution of the

very atoms of the elements, but the fact, as we know,

that these atoms ever tend to combine with one

^ Duncan, "The New Knowledge," 1905, p. 176.
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another to form more and more complex molecules

—

such as are to be met with in bases and acids, in salts

and double salts, in alkaloids and organic compounds

—some of the latter of which may be composed of

hundreds of the marvellous atoms whose constitution

we have been briefly considering.

Can anything be said as to the mode of origin of

these chemical elements, or as to some of the

conditions that seem to favour their origin ? Some
hints on this subject must be reserved for the next

chapter.



CHAPTER III

INORGANIC EVOLUTION

TF the atoms of the various chemical elements

^ are in reality such complex bodies as the

researches of physicists indicate, and especially if

they are compounded of vastly different numbers of

infinitesimally small corpuscles all of one size, merely

varying in mode of arrangement and in their

numbers and relative motions, it seems natural to

ask whether any evidence can be obtained bearing

(a) upon their genesis, or (d) upon their decomposi-

tion or disintegration.

Modern research has furnished us with something

in both directions. The former kind of evidence

has been derived from the stars, as studied by

spectrum analysis ; while for the latter knowledge

we are indebted to quite recent researches—that is,

to some of the astounding revelations concerning

radium.

The spectroscope has been assiduously used

during the last forty years by Sir Norman Lockyer

in studying the constitution of the sun and the stars.

And his results, together with those of other workers

in the same field, have le(J to the gradual building

up of the doctrine of " Inorganic Evolution." With-

out the aid of the spectroscope no such know-
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ledge could ever have been obtained. Concerning

this instrument and what it is capable of revealing

we find Professor Duncan in his very interesting

work, "The New Knowledge," saying, "That the

spectroscope will detect the millionth of a milligram

of matter, and on that account has discovered new
elements, commands our admiration ; but when we
find, in addition, that it will detect the nature of

forms of matter billions of miles away and, more-

over, that it will measure the velocities with which

these forms of matter are moving with an absurdly

small per cent, of possible error, we can easily

acquiesce in the statement that it is the greatest

instrument ever devised by the brain and hand of

man."

Though spectrum analysis is a very complicated

subject, upon which an enormous amount of work
has been done, not many details need be referred to

here. Points of major importance are that under

certain conditions the different elements when
volatilised by heat, and viewed through the spectro-

scope, give rise to different discontinuous or line

spectra, and that no two elements yield precisely the

same spectra.

The occurrence of these distinctive line spectra is

dependent, as Norman Lockyer says in his work on
" Inorganic Evolution," upon the law that "gases

and vapours, when relatively cool, absorb those

rays which they themselves emit when incandescent,"

and upon the existence of the particular conditions

above referred to that lead to the production of the

line spectra. For the heavenly bodies these condi-
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tions are to be found in the fact that "in the sun,

and in most of the stars, we have Hght from a more
highly heated centre passing through an envelope

of cooler vapours, and on this account absorption

phenomena are produced," thereby giving rise to

the various groups of lines seen in the spectra. By
the use of the spectroscope, therefore, and after

prolonged labours devoted to the identification of

the various sets of lines characterising the spectra

of the different elements, we have gradually been

taught that very many of the same elements which

exist on this earth are to be found, in various com-

binations, entering into the composition of the sun

and of the stars, and, what is all-important, m
gradually increasing numbers as stars of lower

temperature are brought under observation.

In the early days of spectroscopic investigation it

was supposed that an element could yield only one

particular line spectrum. The first blow was given

to this conception in 1865 by Plucker and Hittorf,

who announced that " there is a certain number of

elementary substances which, when differently

treated, furnish two kinds of spectra of quite a

different character, not having any line or band in

common." Much work has since been done in this

direction by Sir Norman Lockyer, and his results

with those of other workers have gone far to

establish upon a firm basis the doctrine of Inorganic

Evolution with which we are now concerned.

It soon became recognised that the spectrum of

an element depended, within certain limits, upon the

temperature to which the substance was exposed

;



INORGANIC EVOLUTION 13

and that the same element might, as many of them

did, give totally different spectra when subjected to

the following markedly increasing degrees of heat :

—

(a) The temperature of a flame.

(d) The temperature of the electric arc.

(c) The temperature due to an electric spark of

very high potential.

When examined in the laboratory at these

different temperatures the spectra of iron, of

magnesium, of calcium and other elements are

found to vary in ways which seem incapable of

explanation except on the assumption that the

changes when passing from (a) to (d) or (c) are due

to dissociation of the elements under the influence of

the high temperatures to which they are subjected

—

that is, that the simplification of the spectra thus

produced is due to the breaking up of their atoms

into simpler groupings of corpuscles or electrons.

The significance of these variations has been vastly

increased owing to the fact that precisely the same
kind of changes which are seen in the laboratory

are also recognisable in the spectra of the elements

as they exist in the chromosphere of the sun, and

in the light emanating from many stars. Concern-

ing the latter bodies Kennedy Duncan says (/oc. cit.

p. 204) :
" The spectra of the stars afford in many

cases the same simplified spectra observed in the

sun of iron, magnesium, and calcium. In addition,

simplified spectra of other metals are discovered,

such as titanium, copper, manganese, nickel,

chromium, vanadium, and strontium. To these

supposedly broken-down metals the prefix proto is
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applied. By proto-iron, proto-copper, and proto-

nickel, for example, is meant the constituents of iron,

copper, and nickel as they exist in the sun or hottest

stars. A very important proto-element is proto-

hydrogen, discovered some time ago by Professor

Pickering of Harvard University, in the star named
zeta-Puppis in the constellation Argo. The spec-

tral lines representing this substance Pickering at

first supposed to signify a new element ; but he

was able to show, later, that they belonged to a

new series of hydrogen lines constituting a form of

hydrogen unknown on earth. Subsequently, this

same proto-hydrogen was discovered in the stars 29

Canis Major and gamma-Argus. It is interesting

to note that this broken down or proto-hydrogen is

confined to the very hottest stars known. ... If

we accept the dissociation hypothesis, these curious

proto-spectra are naturally, simply, and sufficiently

explained. If we reject it, we shall look in vain

for any other present-day explanation which will

co-ordinate and harmonise the observed results."

Looked at from the point of view of the elements

entering into their composition, Sir Norman Lockyer

divides the stars into three main groups, namely :

(i) gaseous stars, (2) metallic stars, and (3) carbon

stars— each representing different grades of

temperature. In the former, or hottest stars, there

are found, almost exclusively, the gases hydrogen,

helium, and the gas asterium, which is as yet

unknown on earth. In the stars of medium

temperature, these gases become replaced by metals

in the dissociated state in which they exist in an
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electric spark of extremely high potential. While

in the third group, or stars of lowest temperature,

the gases disappear almost entirely, and the metals

exist in the state produced by the electric arc, that

is, with more complicated spectra.

This is the kind of evidence afforded by a study

of the stars. It is surely most impressive. We
find the hottest stars containing the fewest elements,

and these gradually increasing in the cooler stars.

Nay, more, the elements which appear first are the

lightest (that is, have the lowest atomic weights),

and as a rule they appear in the order of their

atomic weights. Again, the metallic elements

always first appear in their dissociated or simplified

state, and later in their normal form. Thus we
have laboratory evidence of the dissociating effect

of great heat upon the elements ; and we have

stellar evidence strongly pointing to the fact that as

the stars cool, and the disintep"ratino;- effects of heat

diminish, different chemical elements come into

being, by reason of more and more complex com-

binations of some primordial element — the

hypothetical "protyle" of Crookes, or what he

subsequently made known to us as constituents of

the cathode rays, the "corpuscles" or "electrons"

of modern science.

The Disintegration of Atoms

The above-mentioned evidence supplied by the

spectroscope for the occurrence of " dissociation,"

that is, disintegration of the atoms of elements under

the disruptive influence of heat, has been rendered
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all the more real and forcible by modern investiga-

tions concerning radium—in which a spontaneous

disintegration seems to be constantly occurring in

some of its highly complex atoms. Like changes

are known to occur in thorium, uranium, and actinium,

and will probably be met with in other elements.

The astounding discovery made in 1901 by

Professor and Madame Curie that radium main-

tained itself at a temperature nearly 3° F. above

that of the surrounding atmosphere, was first

explained by Professor Rutherford and F. Soddy as

due to a spontaneous disintegration of the radium

atom, and the bombarding of its substance by the

corpuscles and alpha rays thus liberated—acting as

minute projectiles and moving with inconceivable

rapidity. They showed also that among the pro-

ducts of disintegration there were, in an "emana-

tion," atoms of a density comparable with those of

hydrogen and helium.

Subsequently Sir William Ramsay, in conjunction

with F. Soddy, collected this gas, or emanation,

evolved from salts of radium, and, writing on

this subject, the former investigator says^: "We
showed that this gas, presumably of high density,

disintegrates in its turn, and that perhaps 7 per

cent, of it changes into helium. What becomes of

the remaining 93 per cent, is as yet undecided ; still

some hint may be gained from the fact that a

constant ratio exists between the amount of helium

obtainable from a mineral and the weight of lead

which it contains. It may be that lead forms the

^ The AthencEiim, March 10, 1906, p. 301.
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ultimate product, or, at least, one of the ultimate

products of the disintegration of the atom of

emanation. Another radio-active element, actinium,

has been shown by its discoverer Debierne also to

yield helium by the disintegration of the emanation,

or gas, which it continuously evolves."

Here, then, we have actual proof of transmutation

—

a realisation to some extent of the dreams of the

alchemists—in the resolution of radium and actinium

into their emanation, and of these emanations into

helium : a gas originally discovered in the chromo-

sphere of the sun, and, after twenty-eight years,

found on earth as a product extracted from cleveite,

an ore of uranium in which it is always to be found.

In addition, helium is now known to exist in many
of the stars : namely in Capella, Arcturus, Pollux,

Sirius, and Vega.

The disruptive changes occurring in the atoms

of radium and actinium are explosions, and, as Sir

William Ramsay says, *' in principle an analogy

may be drawn between the disruption of the

molecules of an explosive compound and the dis-

integration of an atom into corpuscles." All

ordinary explosions are known to be associated with

a rise in temperature, and as such a process seems

to be continuously going on in some of the atoms

of radium, we have in this fact alone a partial ex-

planation of the spontaneous production of heat in

radium, which caused so much surprise among
chemists and physicists when it was first made
known.

How far similar disruptive changes are taking
B
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place in the atoms of other elements will doubtless

soon be made known. They are conjectured by

Gustave le Bon ^ to be occurring in many others, and

he regards "corpuscles" or "electrons" as inter-

mediate staofes between what we know as matter

and the ether, from which, in ways altogether un-

known, the different so-called elements have been,

and are still supposed to be constantly forming

during the process of evolution of new worlds—that

is, in stars which are gradually cooling.

1 " L'Evolution de la Matiere," Paris, 1905. Le Bon supports the

view that electrons are " centres of vortical strain in the ether."



CHAPTER IV

ORGANIC EVOLUTION AS A NATURAL SEQUENCE OF

INORGANIC EVOLUTION

FROM what has been said it seems perfectly

clear that the scientific discoveries of recent

years have been of a kind strongly tending to

establish the truth of the doctrine of inorganic

evolution, by which, as Professor Duncan says {loc.

cit. p. 206), " we mean that the eighty odd elements

of matter as we know them on earth to-day were not

specially created, but that, like the plants and

animals, they have been truly evolved from simpler

and still simpler types, back to some really simple

element from which they have all evolved through

infinite aeons gone by." We cannot, indeed,

refuse our assent to his view when he adds

:

" Taking it altogether, the evidence for an inorganic

evolution of the elements seems every whit as con-

clusive as the evidence for an organic evolution.

, . . The Q-eolog-ist from an examination of the

earth's strata from lowermost to highest finds an

ever-increasing complexity in the organic remains

which the rocks contain. The astronomer from an

examination of the stars from hottest to coldest finds

an ever-increasing complexity in the so-called

elements which they contain. . . . They both
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deduce an evolution of simpler forms to more

complex, and their deductions are equally valid ; we

must accept the inorganic evolution. Organic

evolution is measured by millions of years ; inorganic

evolution is measured probably in billions" (p. 212).

The next question that presents itself is as to the

relation between these two processes of evolution,

and especially as to the starting-point of the latter

process—that of organic evolution.

Let us look at the question first from a broad

point of view. We have seen that there is a

community of nature between the earth and all the

infinite myriads of stars ; that the same chemical

elements in varying number are to be found

existing in them as are to be met with on this

earth ; and that such elements are, as it would

seem, gradually being evolved in the stars, under

the influence of all-pervading natural laws, as the

process of cooling goes on. We have, further,

every reason for believing that space is peopled

by myriads of planets which are to us wholly

invisible—by bodies, that is, which, like our earth,

have been thrown off from other suns.

We know that in the far-remote past when the

surface of our earth cooled down, when oceans and

an atmosphere had come into existence, chemical

changes must have progressed, and that at last a new

kind of synthesis must have taken place—a synthesis

resulting in the formation of what we call " living

matter." Men of science no longer doubt that a

natural birth of living matter must have occurred in
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the past when the surface of the earth had become

sufficiently cool ; and such a process could only be

regarded as a continuation and sequence of that

related process of evolution which had previously

been leading to the genesis of the various chemical

elements and of those simple combinations among
them, by which oxides, acids and other compounds

are produced.

All the combinations in question—whether of

electrons, of atoms, or of molecules, and whether

simple or complex—being the work of natural

influences and natural affinities, it is only reasonable

to suppose that the particular combinations giving

rise to living matter, when the right time came,

would have occurred in multitudinous regions over

the earth's surface, and would have recurred again

and again as long as the conditions remained

favourable.

How these particular combinations were led up to

—what were the actual steps of the process—no one

can say, but that they must\i2i^^ occurred no person

possessing a fair amount of chemical and biological

knowledge now doubts. And if this beginning of

organic evolution is but a continuation and natural

appendix to what had gone before ; if, as astronomers

tell us, there must be thousands of suns having orbs

circling round them like our earth, and among these

perhaps thousands in which the special conditions

existing are very similar to those now existing, or

that have existed, on our planet, we are fully entitled

to believe that just as the simple chemical elements

are ever coming into being in untold myriads of

b<:
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suns, so, throughout the universe, there may be

thousands or even milHons of planets in which the

highest kind of synthesis, represented by Uving

matter, has been or is taking place.

Such a process when once it was started on this

earth—perhaps some hundreds of millions of years

ago—has been followed by the evolution of all the

increasingly complex forms of life that have lived in

past ages (some comparatively few examples of which

have happily been preserved for us in successive

geological strata), together with all the innumerable

forms that still people the earth and dwell in its

oceans.

Since the o-reat revolution in scientific beliefs

brought about by the epoch-making work of Darwin,

it is now generally admitted by men of science

that all the various forms of life have arisen one

from another by processes of evolution—that they

have appeared, that is, as successive natural results

of the interaction between the primordial forms of

living matter and the sum-total of the influences,

animate and inanimate, acting thereupon. Thus
these multitudinous forms of vegetal and of animal

life are deemed to have come into being as final

results of those same physico-chemical processes

which we have seen to be in operation throughout

the universe. Starting from the all-pervading ether

—whose origin and nature are alike inscrutable

—

o
modern-day physicists would have us regard it as

the source in and from which the primordial units of

matter (the electrons) arise. How these aggregate

(perhaps first in their tens and hundreds and then in
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their thousands) to form the various chemical

elements, we are just as ignorant as we are concern-

ing the formation of those ultimately complex

material combinations that lead on to the production

of living matter.

Yet the spectroscope compels us to believe that

the processes which lead to the genesis of so-called

chemical elements are continually occurring through-

out the universe ; while astronomical and geological

evidence combined assure us that a genesis of living

matter must have occurred at some time in the far-

distant past, when the temperature of the earth's

surface had sunk below the boiling point of water.

Thus, in the formation of electrons ; in the

formation of the eighty or more different chemical

atoms ; in the formation of more and more complex

chemical compounds, terminating in those met with

in living matter ; and in the production of all the

forms of life that have since appeared, we have a

continuous series of evolutional results, each more

or less incapable of explanation, yet all dependent

upon natural processes acting, as it would appear

equally, throughout all space and all time.

This seems to be the natural and logical point of

view from which to approach the all-important

question, whether the genesis of living matter is or

is not still taking place on our earth at the present

day—a process which we shall henceforth speak of

under the name of " Archebiosis,"

The question that has been so much discussed of

late years is the strange one, whether such a process
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occurred only once or more in some remote geo-

logical ages, as many are inclined to think ; or

whether it is a process that has been going on ever

since it first began, all through the ages, and is one

still continuing to occur at the present day.

When it was said, a few pages back, that " no

person possessing a fair amount of chemical and

biological knowledge " now doubted that a natural

origin of living matter had in the past occurred on

this earth, it must not be forgotten that some years

since (in 1871) Lord Kelvin, adopting a view

previously expressed by another celebrated physicist

(Helmholtz), threw doubt upon the subject by

suggesting that life might have come to us on " the

moss-grown fragments of another world." This

evasive and very improbable view seems now
altogether beside the question, and as was pointed

out by Sir George Stokes^ would, of course, " leave

untouched the problem of the origin of life." This

eminent physicist added, " I need" not dwell, how-

ever, on the very formidable difficulties which stand

in the way of any such hypothesis, for example, the

intense superficial incandescence produced in a

meteorite by its rapid passage through the air, for I

do not conceive that the hypothesis was ever meant

to be adopted."

Some astronomers, indeed, so far from doubting

that Archebiosis originally occurred on the earth, go

so far as to think that life of some sort is to be

found even on other planets belonging to our own
solar system. Thus, Dr H. H, Turner, Professor of

1 "Lectures on Light," 1892, p. 331.
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Astronomy in the University of Oxford, lecturing at

the Royal Institution last December, is reported to

have said, "All the stars that we saw [that is, all

visible stars], with a few insignificant exceptions, had

a temperature somewhat like that of the sun, and
therefore they too must be destitute of life. But
there might be comparatively cool bodies circling

round the stars in the same way as the planets round

the sun, and to these the objection of high tempera-

ture might not apply. To the question are the planets

inhabited, his answer would be that, in the absence

of evidence he did not know, but that he felt pretty

sure they were, because they were so like the earth

in many particulars, that they might be supposed to

be like it in this one."



CHAPTER V

SOME MODERN VIEWS AND PRESENT-DAY

MISCONCEPTIONS

TN accordance with the facts set forth in the

^ previous chapters, there would be no more

reason for postulating a miraculous interference or

exercise of Creative Power to account for the evolu-

tion of living matter in any suitable portion of the

Universe (whether on this Earth or elsewhere), than

to explain the appearance of any other kind of

matter— the magnetic oxide of iron, or gold, or

radium, for instance.

But to suppose the formation of living matter to

have occurred once only, or to have been limited to

the time of its first appearance on this earth, instead

of imagining that, like other physico-chemical

changes, its production is, and has been, an ever-

recurring process, would be tantamount to regarding

it as a quasi-miraculous process—a something not

occurring under the influence of natural laws. The
language used, however, and the attitude taken by

some of the leading exponents of the doctrine of

Evolution in this country has unquestionably tended

to foster some such view.

/ Thus speaking of the probable commencement of
"^ Life upon our globe, Darwin said^ :

" I believe that

1 " Origin of Species," 6th ed., 1872, pp. 424 and 429.

26
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animals have descended from at most four or five

progenitors, and plants from an equal or lesser

number. Analogy would lead me one step further,

namely, to the belief that all animals and plants

have descended from some one prototype. . . .

There is grandeur in this view of life, with its several

powers, having been originally breathed by the

Creator into a few forms or into one ; and that

whilst this planet has gone cycling on according to

the fixed law of gravity, from so simple a beginning,

endless forms, most beautiful and most wonderful,

have been and are being evolved."

Herbert Spencer, of course, made no sort of

appeal to a Creative Hypothesis. He distinctly

taup-ht that livingf matter must have been the

gradual product or outcome of antecedent material

combinations, " Construed in terms of evolution,"

he said, " every kind of being is conceived as a

product of modifications wrought by insensible

gradations on a pre-existing kind of being, and this

holds fully of the supposed ' commencements of

organic life,' as of all subsequent developments of

organic life."

But, on the question whether the process of

Archebiosis is likely to have occurred once only, as

Darwin seemed to hint, or in multitudinous centres

scattered over the earth's surface, Herbert Spencer

made no definite statement. The latter belief would,

however, be entirely in accordance with his general

doctrine ; and we seem all the more entitled to infer

that he inclined to the notion of a multiple

occurrence of Archebiosis, both in space and in
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time, since he did not reject the possibihty of its

occurrence in our own day. Granting " that the

formation of organic matter and the evolution of hfe

in its lowest forms may go on under existing

cosmical conditions," as he says, he believes it

"more likely that the formation of such matter and

such forms took place at a time when the heat of

the earth's surface was falling through those ranges

of temperature at which the higher organic com-

pounds are unstable."

Professor Huxley's opinions on the subject of

Archebiosis (spoken of by him as " Abiogenesis ")

were very similar to those of Herbert Spencer, with

the exception that he seemed more strongly opposed

to the notion of its occurrence at the present day,

and it is to this aspect of the question that I would

now direct the reader's attention.

Why should such leaders in evolution promulgate

a notion which seems to involve a quite arbitrary

infringement of the Uniformity of Nature.^

Both Huxley and Herbert Spencer believed that

living matter originally came into being by the

operation of natural causes—that is, by the unhindered

play of natural affinities operating in and upon matter

which had already acquired a certain degree of

molecular complexity. They believed that the

simpler kinds of mineral and crystalline matter con-

tinue to come into being as they have ever done ; nay,

more, they believed that living matter, originally

initiated by the operation of natural causes, continues

to " grow " both in animal and in vegetable forms,
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solely under similar influences, and yet they con-

sidered themselves justified in supposing that natural

causes are now no longer able independently to

initiate this living matter, or protoplasm, as it is

termed.

Professor Tyndall also took the same kind of

view. Though he affirmed in the most unhesitating

language the ultimate similarity between crystalline

and living matter, and held that all the various

structures by which the two kinds of matter may be

represented are equally the "results of the free play

of the forces of the atoms and molecules" entering

into their composition, yet he too would have

us believe that, while differences in degree of

molecular complexity alone separate living from

not-living matter, the physical agencies which

freely occasion the growth of living matter are

now incapable of causing its origination.

The opinions of these four leaders in science con-

cerning the question of " spontaneous generation,"

profoundly influenced public opinion in this country

during the latter third of the last century.

They were doubtless influenced, as many others

have been, in the first place, by two general con-

siderations which, taken together, seemed to carry

great weight.

(i) The exposure of the untruth of certain old

and crude doctrines concerning " spontaneous

generation," prevalent more or less from the time of

Aristotle down to the first third of the last century
;

and the fact that the belief in this mode of orenera-

tion has been successively driven, with increasing
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knowledge, from higher to lower forms of life, till at

the last it is maintained as a mode of origin only for

the very lowest and most minute of living things,

has been regarded by many as one of the most

weighty arguments against the de novo origin of

living matter.

But this objection is robbed of all its seeming

strength when it is said that the modern Evolu-

tionist would only expect to obtain evidence con-

x/ cerning the de novo origin of the minutest specks of

"living matter"—gradually emerging, in fluids, into

the region of the visible, as opened up by a powerful

microscope, and subsequently developing into the

most elementary living things.

(2) The second general consideration is this.

The formula omne vivtmt ex vivo is supposed to

derive its authority from the fact that the experience

of mankind generally—both skilled and unskilled

—

testifies to its truth. But it is almost unnecessary

to say that observation is of no avail in regions

where it becomes impossible, and consequently that

observation cannot tell us whether previously

invisible specks of living matter have arisen from

invisible living germs, or by an independent process

of origination. As John Stuart Mill said,^ " Though
we have always a propensity to generalise from un-

varying experience, we are not always warranted in

doing so. Before we can be at liberty to conclude

that something is universally true because we have

never known an instance to the contrary, we must

have reason to believe that if there were in nature

^ " System of Logic," 6th ed., vol. i. p. 349.
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any instances to the contrary, we should have
known of them." But it was only by an utter in-

attention to this latter all-important proviso that

the " past experience of mankind " could ever have
appeared to warrant the truth of the induction

0171716 vivimt ex vivo. Living matter may have

been continually coming into being all over the

surface of the earth ever since the time of man's

first appearance upon it ; and yet the fact that no

member of the human race has ever seen (or

is ever likely to see) such a birth, need throw

no shadow of doubt upon the probability of its

occurrence.

Neither of these general considerations, therefore,

however weighty they may at first seem to be,

ought to have much effect in influencing the opinions

of scientific men as to whether Archebiosis does or

does not occur. Whatever influence they may have

had in creating a kind of intellectual atmosphere

favourable to disbelief, something more was needed

to lead to a definite opinion against the present

occurrence of anything that could be called

" spontaneous generation." This finally determin-

ing element was the view taken concerning the

results of experiments that had been made in

relation to the question—and especially the results

published in a celebrated memoir issued by Pasteur

in 1862.^

Neither Darwin, Huxley, nor Spencer ever

undertook any experimental work on this subject

themselves, and probably the opinions of Darwin

^ Ann. de Chim. et de Physique, T. Ixiv. pp. 5-1 10.
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and Spencer were largely influenced by Huxley,

who, as was shown by his Presidential Address to

the British Association in 1870, was similarly in-

fluenced by the experimental work of Pasteur.

Throughout Europe and America, indeed, upon

the strength of the results and views expressed by

Pasteur, there was at this time a very strong

tendency to regard "spontaneous generation" as

an altogether exploded doctrine. It was confidently

dismissed by Pasteur both then and in succeeding

years as a " chimera," and this he did on grounds

which never varied from 1862 up to the date of his

last writings on the subject in 1877.

The present writer first began to work at this

subject in 1869, and soon found reason for ques-

tioning the validity of this adverse verdict and

recognising the lack of finality about M. Pasteur's

conclusions. Professor Tyndall entered upon the

question with great zeal from 1874- 1877 ; but he did

not attempt to alter in any material way the reasons

alleged by Pasteur against the occurrence of Arche-

biosis. To this day, therefore, and ever since 1862,

the adverse evidence has been based upon the work

of Pasteur, as formulated in the memoir of that date,

and repeated by him in a controversy with myself,

resulting in an abortive commission of the Frencho
Academy, in 1877.

The view that " spontaneous generation " was a

" chimera," so loudly proclaimed by Pasteur and so

widely echoed, was based by him upon three princi-

pal inductions from his experimental work, together

with three corollaries severally deduced therefrom.



SOME MODERN VIEWS 33

Arranged in order, they may be stated as

follows :

—

Induction I.—All guarded acid fluids remain barren after they

have been boiled.

Corollary.—Bacteria, Vibriones, Torulse, and their germs are

killed when they are heated in acid fluids for two or three minutes

to a temperature of 100° C.

Induction II.—Some neutral or faintly alkaline fluids, even

though they are securely guarded, will ferment after they have

been boiled.

Corollary.—Certain Bacteria- or Vibrio-germs are not killed

by being heated for two or three minutes in fluids to a temperature

of 100° C, when these fluids have a neutral or faintly alkaline

reaction.

Induction III.—All neutral or faintly alkaline guarded fluids

remain barren after they have been heated for a few minutes to

110° C. (230° F.).

Corollary.—All Bacteria- and Vibrio-germs are killed, even in

neutral or faintly alkaline fluids, when these are raised for a few

minutes to a temperature of no" C.

These were the inductions and inferences to which

the President of the British Association in 1870

gave his unqualified support, since it was in reliance

upon Pasteur's researches and views (while ignoring

those of several other workers) that he proclaimed

from his Presidential Chair the doctrine onine vivwn
ex vivo to be " victorious along the whole line."

This cannot be considered to have been an im-

partial verdict, and in some of the succeeding

chapters I shall have little difficulty in showing that

the first and third of these inductions were not eood.

and that the second corollary was neither warranted

nor true. That, however, if successful, would surely

be found to be the breaking down of the whole of
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Pasteur's case in regard to this question—upon

which he rehed up to the last, and upon the strength

of which the world generally has adopted his

view that anything like " spontaneous generation
"

is a chimera.^

^ "The Life of Pasteur," by Vallery-Radot, 1902, vol. ii. p. 41.



PART II

THE CONDITIONS OF THE PROBLEM AND THE
MODES OF EXPERIMENTATION

CHAPTER VI

EXPERIMENTAL CONDITIONS AS OPPOSED TO NATURAL

CONDITIONS : THEIR UNFAVOURABLE NATURE

MERE observation, as we have seen, can never

settle the question whether Archebiosis does

or does not take place at the present day. However
favourable the fluid medium may be deemed, and

however powerful the microscope with which we
proceed to examine it, any living matter that might

actually be born therein would come into existence

first as ultra-microscopic particles, far too small to

be recognisable. We should have particles gradually

appearing in the portion of the fluid under examina-

tion, which previously were invisible. Yet this is

the only mode of origin of living matter that the

Evolutionist can regard as possible.

It should be obvious to all, therefore, that ob-

servation alone can never settle the problem. There

are no possible means of deciding whether the ultra-

microscopic particles which at last become visible

have been [a) actual invisible germs of some pre-
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existing organisms, or [b) whether they have come

into being in the mother Hquid as a result of life-

giving synthetic processes.

Seeing that observation necessarily leaves the

problem still unsolved, we are compelled to resort

to experiment. We have to adopt, that is, certain

artificial and unnatural conditions, which from their

very nature must be deemed to be far less favourable

for the processes resulting in life-origination than

those existing in the outside world.

The unfavourable experimental conditions are two.

The organic fluids with which experiment has almost

always been made, in order to free them from pre-

existing living things, have to be subjected to degrees

of heat which tend to degrade or partially decom-

pose the organic matter they contain. Then, again,

the experimental fluids are necessarily contained

within elass vessels ;
and these are more or less

impervious to the ultra-violet, or actinic, rays of

light, often so potent in the bringing about of

chemical combinations.

But, on the shores of oceans, in lakes, ponds, and

ditches these great disadvantages would not exist,

and there would be nothing to prevent the same

processes of life-origination occurring in all suitable

sites and media as are postulated to have occurred

in the far-distant past. To think otherwise would

be to doubt the uniformity of natural processes for

no reason whatsoever—and that even when present

conditions may fairly be deemed, as I have already

indicated, much more favourable for the process than

they were originally in the absence of dissolved
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organic matter derived from pre-existing living

things.

The fact that the conditions for Hfe-origination are

so much more favourable in the open fields of nature

than they are in our experimental vessels, would

make it impossible, therefore, to deny its present

occurrence, even if all experiments under strict con-

ditions had been attended by negative results. No
experiment can be regarded as trustworthy unless

the vessel and its contents have been subjected to a

degree of heat deemed adequate to kill all pre-existing

living things that may have been contained therein

—

that is, unless the vessel and its contents have been

reduced, as near as possible to the condition of

our earth before living matter had originated on

its surface.

After the initial purification by heat, we have like-

wise to make sure that the fluid is kept safe from

external contamination—that is, from contamination

by germs contained in the air.

Thus the disadvantages with which we have to

contend are two—the degrading effect of the initial

purifying heat process, and the partial exclusion of

actinic rays by the glass vessel in which the fluid is

contained— rays which might be potential, or at

least helpful, in bringing about the combinations in

question.

The fallacies to be guarded against are also two.

We must be sure that the heat employed is adequate

to kill all pre-existing living things within the

experimental vessels, short of rendering the medium
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unfit for the occurrence of future processes that may
lead to life-origination : this is the major difficulty,

especially as preconceptions are so strong with many
people that they regard the actual problem as fore-

closed. If, after the purifying process, living things

appear and multiply within the experimental vessels,

such persons are apt invariably to attribute the fact

to a survival of pre-existing germs rather than to

a birth of new germs.

We must be sure also that there has been no

contamination with atmospheric germs after the

preliminary heating, and during the time that the

experimental vessels are kept previous to the

examination of their contents. But in all the funda-

mental experiments to be recorded by me in this

work the fluids have been guarded in hermetically

sealed vessels—a process which must be absolutely

safe, and far more stringent than trusting to bent

tubes or plugs of cotton wool as Pasteur and others

have often done.

After a few words concerning the now fully

admitted distribution of germs in air and water, we
must address ourselves specially, and at length, to

the all-important problem of the limits of vital

resistance to heat, in order to obtain the necessary

data as to the degree of heat really needed to

sterilise the experimental vessels and their contents.

If we can arrive at definite conclusions on this point,

those conclusions must not be departed from except

upon the basis of fresh independent evidence ; an

obvious rule which has been only too much and too

frequently ignored in the past.



CHAPTER VII

THE PRESENCE OF GERMS IN AIR AND WATER

IT would be useless here to dwell at any length

upon the mere speculations of Spallanzani con-

cerning the universal distribution of germs in the

atmosphere, and the subsequent experiments made

by Pasteur up to the date of the publication in 1862

of his " Memoire sur les Corpuscles organises qui

existent dans 1'Atmosphere," in which he attempted

to establish a foundation of facts in conformity with

these speculations. At first Pasteur was inclined to

believe with Spallanzani that germs existed every-

where in the atmosphere ; that they were, in fact,

universally diffused—though he afterwards pro-

mulgated a very modified form of this doctrine.

He was compelled to surmise that they probably

exist in veins or areas, variously interblended with

germless regions of the atmosphere.

In addition to what were supposed to be

"organised corpuscles," other fragments and foreign

particles of the most varied nature were met with

—

though the kinds, relative proportions, and actual

abundance of the different solid bodies varied

extremely with the nature of the locality in which

the air was examined, and also with the state and

tranquillity of the atmosphere at the time.

39
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These investigations convinced M. Pasteur that

ordinary air contains a considerable, though still a

variable, number of spherical or ovoidal corpuscles,

whose form and structure made him think they were

organised. They varied from the smallest appreci-

able size up to bodies about irsVo inch in diameter.

Some of them, it was supposed, might be spores of

fungi. " Mais quant a affirmer," Pasteur says, "que
ceci est un spore, bien plus la spore de telle espece

d^terminee, et que cela est un oeuf et I'oeuf de tel

microzoaire, je crols que cela n'est pas possible."

He produced no direct evidence that the bodies

were really germs capable of developing into one or

other kind of Mould, though he says, in a note i^loc.

cit. p. 34), he had " originally intended to attempt this

kind of proof." At this date also Pasteur did not

pretend to have recognised Bacteria among the

corpuscles and other debris filtered from the

atmosphere, though on indirect evidence he assumed

them to be present.

If this was the state of things at the time of, and

for full ten years after, the publication of Pasteur's

memoir, a wholly different state of knowledge now
exists as a result of the labours, during the last thirty

years, of an army of bacteriologists.

Common or saprophytic bacteria of different kinds

undoubtedly exist in the atmosphere, though not in

such numbers as were at one time supposed when
surgeons performed all their operations in a mist of

carbolised spray. They vary also enormously in

different localities—being less abundant in country

districts than in towns ; diminishing again rapidly
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in their abundance as mountain elevations are

ascended, or over the sea as we recede from the

land. " Pathogenic bacteria, on the other hand, are

only occasionally present in the air. The practical

results obtained from the examination of air for

pathogenic bacteria have been slight. We know
that at times they must be in the air, but unless we
purposely increase their numbers they are so few in

the comparatively small amount of air which it is

practicable to examine that we rarely find them.

Examination of dust, however, in hospital wards and

sick-rooms, has revealed tubercle bacilli and other

pathogenic bacteria," ^

Much the same kind of thing has to be said con-

cerning waters of different kinds ; they all contain

various kinds of Bacteria : even the purest waters

are not free from them, and ordinary tap waters

contain them in abundance. River water becomes

contaminated by washings from the soil after rains,

as well as from the contents of drains and sewers.

' The results of such contamination are fortunately

rendered less disastrous by the fact that a natural

process of purification occurs tending to diminish the

evil. Thus Park says {loc. cit. p. 449) :
" That

river water which has been fouled by sewage will,

in the course of a few miles, through the dilution of

additional supplies, through sedimentation, and

through oxidation, become greatly purified is an

indisputable fact."

But in reference to experiments on the question

of the possible occurrence of Archebiosis we need

^ Park's " Pathogenic Micro-organisms," 2nd ed., 1906, p. 448.
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not concern ourselves at all minutely with the

number of the organisms existing either in air or in

water. Nor need we trouble ourselves to enquire

how many different kinds of organisms are to be

found in the air. In these experiments we find, as

a rule, within our experimental vessels only different

varieties of Bacteria, and of Torulse, or other Fungus
germs, such as are shown in Plate I.^

We know perfectly well that these organisms are

apt to be found in variable quantity in the air, or in

the water that may be contained in our experimental

vessels. So that an initial purifying heat, to which

the experimental vessels and their contents are

submitted, is had recourse to solely with the view of

killing all such pre-existing forms of life. Though
we try to exclude them as far as possible, it is

practically immaterial, when we are operating with

hermetically sealed vessels, whether a few germs

may be contained therein or not. We have to

strive to kill all that may be there ; so that, before

proceeding with such experiments, the most careful

consideration must be given to all available evi-

dence bearing upon the question of the destructive

influence of heat upon different kinds of living

matter, and especially upon the above-mentioned

micro-organisms and their germs.

1 In this Plate, Fig. i, A, shows some very small Bacteria developing

from minute particles ; while in B, larger and stained Bacilli, from a

hay infusion, are represented.



CHAPTER VIII

THE LIMITS OF VITAL RESISTANCE TO HEAT : EARLY

OBSERVATIONS

'T^HE all-important question of the destructive

-- influence of heat upon living matter requires

to be looked at from a broad point of view, because

of the essential unity of protoplasm. As Huxley

said/ " Beast and fowl, reptile and fish, mollusc,

worm, and polype, are all composed of structural

units of the same character, namely, masses of

protoplasm with a nucleus. . . . What has been said

of the animal world is no less true of plants. , . .

Protoplasm simple or nucleated is the formal basis

of all life, . . . Thus it becomes clear that all living-

powers are cognate, and all living forms are funda-

mentally of one character," If, therefore, we can

show that the limits of vital resistance to heat for

very many different representatives of the animal

and the vegetal kingdoms fall within comparatively

narrow limits, we shall be doing our best to establish

a sound induction concerning the thermal death-

point of living matter generally—and thus to

discredit the vague or extravagant statements that

are apt to be made on this subject.

In the latter third of the eighteenth century a

^ "Lay Sermons," pp. 126-129.

43
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controversy was going on between the acute and
learned Abbe Spallanzani and our own countryman

Tuberville Needham on the question of "spon-

taneous generation," and Spallanzani is the only one

espousing his side of the question who has fairly and
fully faced the question of the degree of heat which

proves fatal to various living things, by making it

the subject of direct investigation. Other workers

have more or less distinctly confounded the issues of

this question with that of the cognate though distinct

problem, as to whether certain infusions could them-

selves prove mother liquids and give independent

birth to living matter.

The tendency with Pasteur, with Tyndall and

others has been altogether to ignore this latter

possibility—to regard it as a " chim.era," and as a

problem not to be seriously considered.^ It was

wholly different, however, with Spallanzani. In

some of his own experiments he had found living

organisms in infusions which had been heated for

half-an-hour in closed vessels. And, if no good

reason could be found for supposing that the

experimental results referred to were to be accounted

for by a "survival of germs," he confessed he must

admit the fact of an independent and germless origin

^ Pasteur, for instance, said {Compt. Re?td., July 23, 1877, p. 179) :

" Dans ces sortes d'^tudes, le resultat positif est celui qui ne donne pas

d'organismes, et le resultat negatif est celui ou I'on en rencontre."

While in the previous month, in a very positive and dogmatic letter

which appeared in the Times (June 18, 1877), Tyndall wrote: " Dr
Bastian says that two interpretations ofmy facts are equally admissible.

He is again wrong ; there is but one interpretation possible. An
interpretation which violates all antecedent knowledge is no inter-

pretation at all."
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of living things. This simple issue was therefore

fully realised by Spallanzani, and, acting in accord-

ance with the most obvious of scientific principles, he

carefully sought for fresh evidence, by means of well-

directed experiments, in order to guide him towards

a conclusion as to whether germs of living things

could or could not have resisted the action of boiling

water for more than half-an-hour.

His results were embodied in a work, translated

by Jean Senebier under the title " Opuscles de

Physique Animale et Vegetale " (Geneva, 1767), to

which reference may most conveniently be made.

Spallanzani approached the question in the follow-

ing manner :
" Can one," he says, " find any proof

sufficient to banish, or, at all events, to diminish

one's natural repugnance to admit that the germs of

animalcules of the lowest order have the power of

resisting the action of boiling water ? In reasoning

from the germs or eggs of animals with which we
are acquainted, would it be difficult for us to imagine

animalcules having this peculiarity? It is true that

we are not acquainted with any eggs endowed with

such properties. I have already considered this

subject in the ninth chapter of my Dissertation. I

there show how several kinds of eggs of insects

—

not to speak of eggs of birds—perish under a heat

less than that of boiling water. I have shown also

that the seeds of plants are destroyed when they are

exposed to the heat of boiling water, and that even

those whose coat is of the hardest description are not

thereby spared."

But, he goes on to say, as he had only been able
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hitherto to make his observations on a Hmited

number of eggs and seeds, there was the chance that

more extended observations might reveal some which

were capable of resisting this generally destructive

influence. He says he had never lost his hope-^

with regard to seeds more especially—since he had

seen a statement by Duhamel to the effect that some
grains of wheat had germinated after having been

heated in a stove to a temperature above the boil-

ing point of water.^ And as there is a considerable

resemblance between seeds and eggs, Spallanzani

was led to hope that something of the same alleged

extraordinary capacity for resisting heat might be

possessed by the eggs or germs of such organisms

as make their appearance in previously boiled fluids.

He was therefore stimulated to undertake fresh

observations upon eggs and seeds generally, with the

view, on the one hand, of ascertaining the precise

temperature which proved fatal to each kind ; and,

on the other, of finding out whether these eggs or

seeds were capable of resisting a greater degree of

heat than the several animals or plants to which they

belonged.

In carrying out these inquiries Spallanzani adopted

the following method iyloc. cit. p. 53) : He placed

the eggs, seeds or organisms made use of in his

^ Heated in all probability in the dry state. But it is well known
that seeds and desiccated lower animals can resist the influence of

heat much better in the dried state than when they are thoroughly

moistened and then heated ; and it is as to the effects of heat upon

living matter under the latter conditions that we are at present

concerned—for to such conditions the living matter will always be

exposed in our experiments.
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experiments in a vessel containing cold water, within

the upper strata of which was immersed the bulb of

a thermometer. The water was then heated slowly,

and when the thermometer indicated that the

temperature had been attained whose effects it was
desired to test, the eggs, seeds, or organisms were

at once withdrawn and placed, under suitable con-

ditions, in a separate vessel where their subsequent

fate could be watched. The effects of different

grades of heat upon the objects experimented

with were thus estimated, and the temperature

in successive trials was mostly made to differ

from that last employed by 5° R.—that is, about
11° F.

We need only refer to a; few of the results

obtained by Spallanzani. Silk-worms' eggs and
the eggs of the Elm-moth developed less and less

frequently when successive batches were heated

to temperatures approaching 144!-° F. When they

were actually submitted to this heat all perished,

though the highest temperature followed by develop-

ment is not recorded. Silk-worms themselves, as

well as the caterpillars of the Elm-moth, were

uniformly killed as soon as the water in which they

were immersed attained io8-J-° F. Eg-ors of the

common Blow-fly also only developed in very small

numbers when raised to the temperature of 135°
;

all perished at 140°
; and larvae reared from the

eggs perished, as those of the Silk-worm and Elm-

moth had done, as soon as the temperature of the

water rose to io8|°. Certain aquatic organisms,

such as Leeches, Nematode and other Worms,
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together with Water Fleas, were found to be killed

at or about i io° F.

Experiments were also made with the seeds of

the Chick-pea, Lentil, Wheat-grass, Flax and

Clover. The mode of procedure was as before, so

that there was only a momentary exposure to the

temperatures about to be cited. Of those which

had been exposed to 190° F. many did not

germinate ; still fewer of the seeds that had been

exposed to 201° produced young plants ; while of

those heated to 212° not one germinated. After

the young plants which had been developed from

seeds heated to lower temperatures had grown for

thirteen days their capability of resisting heat was

tested in the manner described (that is, by only

immersing the roots of the plants in water, while

the temperature was being raised), and with the

followinof results. Those whose roots had been

momentarily exposed to 156° continued to live

after they had been replanted ; while others whose

roots had been exposed to 167° and upwards

speedily dried up and perished, though all alike had

been carefully replanted in well-watered earth.

Spallanzani's method here was defective. The
whole of the plant, in each case, ought to have been

immersed in the water ; and had this been done

they would probably have succumbed at very

much lower temperatures, as Sachs has since

shown.

This investigator says,^ " I have convinced

myself that a considerable number of plants are

1 " Text-Book of Botany," transln., 1875, p. 650.
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killed by an immersion for only ten minutes in

water of 45° or 46° C. [113° or 114-8'' F.]."

Thus Spallanzani's researches taught him three

things : (i) that eggs can withstand a decidedly

higher degree of heat than that proving fatal to

their parents
; (2), that an analogous difference

exists between seeds and plants, in respect to their

capacity of withstanding the action of heat ; and

(3), that seeds and plants can resist higher grades

of heat than eggs and animals respectively.

In seeking for an explanation of these results, he

quickly dismissed—as Burdach did rather later

—

the utterly improbable notion that the smallness of

the germ or Qgg can act as its safeguard, by render-

ing it less amenable to the influence of heat He
inclined rather to the view that the increased power

of resistance possessed by seeds and eggs, as com-

pared with the organisms from which they proceed,

was due to the simplicity of the embryo within the

seed or the egg ; and he asks whether the fact of this

life being " so small and so feeble "—being " a life

which deserves so little the name of life
"—may not

be the reason that seeds and eggs are able to resist

heat so much better than developed organisms. He
adduces reasons tending to support this view ; and

thinks the same kind of explanation is applicable to

the greater tolerance of the injurious effects of heat

upon seeds and plants, as compared with that shown

by eggs and animals.

The greater tenacity of life of seeds is only in part

due to the fact that the outer coats of most seeds

are much harder than those of eggs. Thus the

D
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envelopes of some seeds which are only killed at a

temperature near 212° are not harder than the shell

of an egg, which is nevertheless killed at the much
lower temperature of 140°. The actual difference

is explicable principally, according to Spallanzani,

rather by the fact that the fluids contained within

the eo^or are so much more abundant than those

within the seed.

Spallanzani's argument thus naturally suggests

the notion that many of the seeds with which he

experimented required a high temperature to kill

them, merely on account of their dryness. If the

seeds had previously been well soaked in cold

water, or better still in warm water, so as to have

been thoroughly moistened, might they not have

been killed at a much lower temperature—that is,

only a little, if at all, over 140° F.—the temperature

which proved destructive to the more moist animal

germs ?

It is well known, in fact, that seeds of plants

provided with a thick and hard coat may—especially

after prolonged periods of desiccation—germinate

even after they have been boiled for a very long

time in water. This was ascertained by Pouchet to

be the case with an American species of Medicago.

Some of the seeds were completely disorganised by

the boiling water, while a few remained intact, and it

was these latter which were afterwards found to

germinate. They had been protected from the

influence of the boiling water by their very dry and

hardened coats. Facts of the same kind have been

recorded by Professor Jeffries Wyman, who pointed
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out the slower action of cold as compared with hot

water in moistening dried seeds of other Leguminosse.

When such seeds had been previously moistened, a

brief exposure, he says, to " the action of boiling

water has been found uniformly fatal," He adds,

" All the organisms in which we are interested at

present, however, have no such protection. These
are mere specks or masses of protoplasm, which are

either naked or provided only with thin coverings
"

—reference being here made to germs of Bacteria

and Fungi, with which we shall be concerned in ex-

periments concerning life-origination.

Thus, not a single living thing, egg, or seed could

be shown by Spallanzani to be capable of resisting,

when in the moist state, an exposure to boiling

water for a single moment ; and in order not to

accept the conclusions of Needham he was obliged

to fall back upon two assumptions : (a) that the

unknown germs, whose existence he postulated, were
of the nature of seeds rather than eggs, being sup-

posed to be capable of undergoing desiccation with

impunity, and thus possessing a greater power of

resisting heat ; and (d) that although no seeds could

be shown to be able to resist the influence of boiline

water, these unknown seed-like germs migJit be able

to do so.

But Burdach exhibited much sagacity some years

later when in reference to unknown germs, postul-

ated also in his time, he said :
'* Les dit-on trop

petits pour etre aperQus, c'est avouer qu'on ne peut

rien savoirde leur existence, . . . Croire que partout

ou Ton rencontre des infusoires, ils ont ete precedes
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d'oeufs, c'est done admettre une pure hypothese, qui

n'a d'autre fondement que I'analogie. ... Si c'est

seulement par I'analogie qu'on suppose des oeufs

chez eux, il faut accorder a ces oeufs des proprietes

semblables a celles de tous les oeufs connus : car ce

serait jouer sur les mots que de supposer qu'ils en

ont de particulieres a eux seuls."^

1 "Traite de Physiologic," Transl. 1837, t. i. p. 22.



CHAPTER IX

THE LIMITS OF VITAL RESISTANCE TO HEAT : LATER

OBSERVATIONS

SO far we have been referring to the influence of

heat upon Hving matter when it is suddenly

appHed to an ahogether unaccustomed extent. This

is the mode of operation with which we are specially

concerned ; since with a view to the interpretation of

experiments on the origin of life question, we wish

to know the effects of great heat suddenly applied

upon organisms or their germs that have been

accustomed to ordinary atmospheric and aquatic

temperatures.

On the other hand, it should be pointed out that

Confervse and other low algoid organisms have been

found living in hot springs at comparatively high

temperatures ; although the very highest of the

recorded temperatures of these hot springs is still a

few degrees below the boiling-point of water. The
various observations made upon this subject have

been collected, and criticised with much care by

Professor Jeffries Wyman.^ The highest tempera-

tures cited which are at all trustworthy in which

Confervse or allied organisms have been met with

are thus summarised by him :
—

" The statements

1 American Journal of Scie7ice and Arts^ vol. xliv., Sept. 1867.
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we have quoted give satisfactory proof that different

kinds of plants may live in waters of various

temperatures as high as i68° F., as observed by

Dr Hooker in Sorujkund ; 174°, as observed by

Captain Strachey, in Thibet; 185°, as observed by

Humboldt in La Trinchera ; 199°, as observed by

Dr Brewer in California ; and 208°, as observed by

Decloizeauz in Iceland."

Having no grounds for criticising these observa-

tions, we are bound to look upon them, provisionally,

as correct, and taken with all due care—though it is

only fair to add that Max Schultze ^ and F. Cohn
appear to be not altogether satisfied with some

statements of the same kind. Such instances, if

thoroughly accurate, may perhaps be taken as

examples of the highest temperature that it is

possible for living matter to endure, day after day

and week after week, even where it has been

inured to the influence of heat in the most gradual

manner. The real point of view from which such

facts should be regarded was pointed out by Pro-

fessor Wyman when he said :
" Having become

adapted through a long series of years to their

surroundings, such organisms may be supposed to

live under circumstances the most favourable possible

for sustaining life at a high temperature. It is a

well-known physiological fact, that living organisms

may be slowly transferred to new and widely different

conditions without injury ; but if the same change is

suddenly made they perish. In the experiments

made in our laboratories, the change of conditions is

1 "Das Protoplasma," Leipzig, 1863, p. 67.
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relatively violent, and therefore liable to destroy

life by its suddenness."

Hence it is, as we have seen from the experiments

of Spallanzani, and shall now see from other more
recent investigations of a similar nature, that a

temperature considerably lower than that of the

hot springs above mentioned suffices to kill almost

all living matter not previously inured to the in-

fluence of heat.

Thus Pouchet^ found that all kinds of Ciliated

Infusoria experimented with were killed at 131° F.
;

and while confirmina- this observation, I have

found that a brief exposure to the same temperature

always sufficed to kill Amcebse, Monads, Euglense,

Desmids, Rotifers, Nematoids, and other minute

aquatic organisms. I did not try to ascertain

what was the lowest temperature which would prove

fatal to these organisms, though many of the same
kinds of living things were found by Spallanzani

to perish at temperatures from 107°-! 13°; while

Max Schultze and Kiihne (in part working over the

same ground) subsequently fixed the heat-limits

fatal to such organisms at temperatures varying be-

tween 104° and 113° F. The protoplasm entering

into the formation of the tissue elements of higher

animals was not only killed at a point below the

higher of the two just named, but it became coagu-

lated also, and assumed the condition named by

Ktihne, "heat-stiffening."

Both Max Schultze and Kiihne also found that

the protoplasm of plant-cells with which they ex-

1 " NoLivelles Experiences," etc., 1864, p. 38.
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perimented (belonging to the genera Urtica, Trades-

cantia, and Vallisneria) was similarly killed and

altered by a very brief exposure to a temperature of

ii8|° F. as a maximum.

We now have to approach the problem to which

the other investigations already cited are to be re-

garded as necessary and illuminating preliminaries,

We have to ascertain, that is, (a) the limits of resist-

ance to heat, when in the moist state, of Bacteria

and Torulse ; and (d) the more difficult problem of

the resistance to heat under similar conditions of

germs of Bacteria and Fungi, both before and after

they have been submitted to desiccation—^ Bacteria

or Moulds (such as are shown in Plate I.) being the

organisms that are prone to appear within our

experimental vessels, and the secret of whose origin

we are striving to discover.

T/te Thermal Death-point of Bacteria and

Fiingus-genns in the Moist State

It has now been very definitely ascertained that

certain fluids exist which, after they have been

boiled, never even seem to give birth to Bacteria,

although they continue to be quite suitable for the sup-

port and active multiplication of any such organisms

that may subsequently have been added to them.

Among such fluids I may name one commonly known
as " Pasteur's solution," and also a much simpler one,

which I have myself more commonly used, consisting

merely often grains of neutral ammonium tartrate and
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three grains of neutral sodium sulphate to an ounce

of distilled water. When portions of either of these

fluids are boiled in previously superheated flasks,

they will continue quite clear for many days, or even

for weeks. Even when the narrow necks of the

flasks containing them remain open, these fluids will

often not become clouded or turbid, and on

microscopical examination no living Bacteria are to

be detected therein.

Yet, in order to show that such fluids are still

thoroughly favourable media for the multiplication

of Bacteria, all that is necessary is to bring either

of them into contact with a glass rod previously

dipped into a fluid containing swarms of such

organisms. In about thirty-six hours after this has

been done (the temperature being about 80° F.), the

fluid, which had hitherto remained clear, becomes

clouded and turbid owing to the rapid growth and

multiplication of Bacteria—as a microscopical exa-

mination will reveal.

Facts of this kind were shown by Burdon Sander-

son^ to hold good for portions of boiled " Pasteur's

solution," even when freely exposed to the air ; and

I have often verified them with my ammonium tar-

trate solutions.

If, however, a freshly prepared infusion of turnip

is made, and this fluid after filtration is boiled, poured

into a superheated flask, and left standing side by side

with the ammonium tartrate solution, at a tempera-

ture of 80° to 90° F., a remarkable difference between

1 Thirteenth Report of the Medical Officer of the Privy Council

(1871), p. 59.
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the two fluids is speedily shown. The latter, as we
have seen, remains clear, while the turnip infusion

almost invariably becomes turbid in the course of

two or three days, owing to the presence and mul-

tiplication of myriads of Bacteria.

Now, all the experimental work to be detailed in

this volume has been undertaken in order to throw

light upon the cause of this different behaviour of

the turnip infusion, and other fluids which behave in

a similar manner. It is clear that both are nourish-

ing fluids, since we find that Bacteria are capable of

growing and multiplying in each of them. What
we want to know is, whether the turnip infusion, and

other fluids that behave in a similar manner, are also

generating fluids—that is, fluids capable, after they

have been boiled, of giving birth to specks of living

matter which speedily take the form of Bacteria or

Torulse. So far we have found no evidence showing

that any living thing could survive even momentary

exposure to the influence of boiling water, so that

the problem is a most legitimate one.

The latter possibility, however, is one which has

been utterly repudiated both by Pasteur and by

Tyndall, as we have seen (p. ^iZi ^^ote). In his

celebrated memoir published in 1862, one of

Pasteur's principal objects was to determine whether

fermentation could or could not take place without

the intervention of living organisms which he, at

that time, held (in opposition to many other chemists)

to be the only true ferments. In Chapters iv. and v.

of his memoir he records experiments in which he

inoculated fluids with dust filtered from the atmos-
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phere, which contained, as he was well aware, a

large amount of what those who differed from him

regarded as not-living ferment (mere organic matter),

while possibly there existed living Bacteria or their

germs—for at this date none such had ever been

definitely discovered in the atmosphere. In ex-

plaining the results of his experiments, however, M.

Pasteur thought he was pursuing a logical and

scientific method when he attributed the fertilising

results obtained to the action of the possibly existing

elements (Bacteria) in the inoculating compound
;

while he ignored altogether the other element (mere

organic matter) which was certainly present in com-

paratively large quantities.

As a very able writer said in an article on " The
Germ Theory and Spontaneous Generation," in the

Contemporary Review for April 1877:—"Once
assume as a starting-point [the truth] of the germ
theory, and the ascertainment of the death-point of

bacterium germs is the simplest thing in the world.

If life appears in the fluid inoculated with them,

say at once that it is due to the germs, and that the

heat was not enough to kill them. If, on the other

hand, the fluid remains barren after the germs have

been introduced, it follows that the heat was fatal.

For the purpose of testing the validity of the germ-

theory, it is obvious that no such petitio principii

can be for a moment admitted ; and yet, oddly

enough, it was only by this deliciously naive reason-

ing that Pasteur supported his view of the vital

resistance of bacterial germs. He found that one

or two acid fluids with which he worked would not



6o THE EVOLUTION OF LIFE

putrefy after being heated to the boihng-point, and

he inferred (so far legitimately enough) that no germ
could (in such a fluid) sustain the temperature of

1 00° C. He also found that one or two neutral or

faintly alkaline fluids would putrefy after boiling,

though they failed to do so if heated to 110° or even

105^ C. He thereupon straightway assumed that

putrefaction could not come without germs, and

therefore declared that grerms heated in these non-

acid fluids could survive a temperature of 100° C,
though they succumbed to a slightly greater heat.

Of course the inference was idle while the grerm

theory was in question ; and some independent

method of fixing the death-point remained to be

discovered, if even it was to be fixed at all."

In 1 87 1 I made the first attempt to ascertain the

exact death-point of Bacteria, when heated in the

nourishing neutral solution of ammonium tartrate and

sodium phosphate. The details of the mode of

experimentation have been given elsewhere.^ It is

only necessary to say here that specimens of this

fluid, inoculated with a drop of a similar fluid

swarming with Bacteria, were heated for about ten

minutes to the following temperatures, 122° F., 131°,

140°, 149°, 158°, and 167°, and the fluids in her-

metically sealed vessels were subsequently main-

tained at a temperature of about 90° F.

The results were as follows :—The flasks whose
contents had been heated to 122° and 131° re-

spectively began to exhibit an opalescent tinge in

1 " Modes of Origin of Lowest Organisms," 1871, pp. 51-56.
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the contained fluids after the first or second day
;

and after two or three more days, the fluid in each

became quite turbid and opaque, owing to the

presence and multiplication of myriads of Bacteria,

together with a smaller number of Torulae. But

the fluids in the flasks which had been exposed to

the higher temperatures of 140°, 149°, 158°, and

167° F., showed not the slightest trace of turbidity,

and no diminution in the clearness of the fluid while

they were kept under observation—that is, for a

period of twelve or fourteen days.

One kind of conclusion only was to be drawn
from these experiments, the conditions of which

were in every way similar, except as regards the

degree of heat to which the inoculated fluids were

subjected—seeing that the organisms were con-

tained in a fluid which had been proved to be

eminently favourable for their growth and multipli-

cation. If those inoculated fluids, which have been

raised to 122° and 131° for ten minutes, are found

in the course of a few days to become turbid,

obviously the organisms cannot have been killed by
such an amount of exposure to heat ; while if similar

fluids, similarly inoculated, which have been raised

to temperatures of 140°, 149°, 158°, and 167° F.,

remain sterile, such sterility seemed only explicable

by the supposition that the multitudes of Bacteria

and Torulae, introduced into the nourishing solutions,

have been killed by exposure to these temperatures.

Thus 140° F. (60" C.) was shown to be the thermal

death-point of Bacteria and Torulse.

Somewhere about the same time Baron Liebig
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arrived at a similar conclusion concerning Torulse.

He said/ " A temperature of 60° C. kills the yeast

cells ; after exposure to this temperature in water,

they no longer undergo fermentation, and do not

cause fermentation in a sugar solution. ... In like

manner active fermentation in a saccharine liquid is

stopped when the liquid is heated to 60° C, and it

does not recommence on cooling the liquid."

In the following year Professor Cohn and Dr
Horwath made experiments almost similar to mine

in regard to the death-point of Bacteria, but not of

Torulae. It does not appear that they were then

aware of my prior investigations. They, however,

arrived at results almost precisely similar, as may be

seen when Professor Cohn says^: "These experi-

ments demonstrated, without exception, that no

Bacteria were developed in the flasks which were

kept at a temperature of 60^-62° C. for an hour, and

that the contained fluid remained clear ; on the

other hand, flasks containing bacterial fluid which

had only been heated to 50° C. or 40° C. became

clouded in consequence of the multiplication of

Bacteria, in a time ranging from two to three days."

In the year 1873 I returned to this subject, in

order to ascertain whether Bacteria would be killed

at precisely the same temperatures in organic in-

fusions as they had been in a neutral saline solu-

tion. The question was how to operate with such

1 Translation of a paper on "Alcoholic Fermentation," in Pharma-

ceuticalJouriial, July 30, 1870, p. 81.

2 " Beitragezur Biologie der Pflanzen," 1S72, p. 219.
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fluids in order to prevent all chance of their being

"generating," as well as "nourishing," fluids, A
clue in this direction had been met with two years

previously, after dealing with the death-point in the

saline solution, which is thus referred to ^ :
—" If, on

the same slip, though under different cover-glasses,

specimens of a hay infusion, turbid with Bacteria,

are mounted (a) without being heated, (d) after the

fluid has been raised to 122° F. for ten minutes, and

(c) after the fluid has been heated to 140° F. for ten

minutes, it will be found that in the course of a few

days the Bacteria under a and d have notably in-

creased in quantity ; while those under c do not

become more numerous, however long the slip is

kept." Facts of a similar kind were also found at

this period when a turnip infusion and an impure

neutral saline fluid was dealt with. The multiplica-

tion of Bacteria beneath the cover-glass, when
it occurs, is soon rendered obvious even to the

naked eye by the increasing cloudiness of the

film.

Under (c) there seemed to be clearly no origina-

tion. Then, again, it was pointed out by Gruithuisen,

early in the last century, that many infusions, other-

wise productive, ceased to be so when they were

poured into a glass vessel whilst boiling, and when
this was filled, so that the tightly fitting stopper

touched the fluid. Having myself proved the truth

of this assertion, and ascertained that under such

conditions infusions of hay and turnip acted only as

"nourishing" fluids, the mode of experimentation

1 "Modes of Origin of Lowest Organisms," 1871, p. 60.
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became easy. Full details as to the method adopted

and the results obtained are given in The Proceedings

of the Royal Society (March 1873, pp. 226-32).

It is only necessary to say here that turnip and
hay infusions were boiled for ten minutes, and after

they had become cool they were inoculated with a

hay infusion swarming with Bacteria in the propor-

tion of one drop to each ounce of the fluid. This

stock liquid was then poured into a purified beaker

placed upon a sand-bath, and its contained fluid (in

which a thermometer was immersed) was gradually

raised to the required temperature, at which it was

maintained for five minutes, by alternately raising the

beaker from and replacing it on the sand-bath.

Purified one-ounce bottles and corks were then used,

the former being filled to the brim, and the corks

tightly pressed home. The bottles, filled with

inoculated infusions heated to various degrees, were

subsequently maintained at a temperature ranging

from 65° to 75° F.

The results of the 102 experiments that were

then made with hay and neutral acid turnip infusions

were embodied in two tables {loc. cit., p. 230), an in-

spection of which led to the following conclusions :

—

"The experimental results above tabulated seem

naturally divisible into three groups. Thus, when
heated only to 131° F,, all the infusions became

turbid within two days, just as the inoculated saline

solutions had done. Heated to 158° F., all the

inoculated organic infusions remained clear, as had

been the case with the saline solutions, in my
previous experiments, when heated to 140° F.



THERMAL DEATH-POINTS 65

There remains, therefore, an intermediate heat-zone

(ranging from a Httle below 140° to a httle below

158° F.), after an exposure to which the inoculated

organic infusions are apt to become more slowly

turbid, although inoculated saline solutions raised to

the same temperature invariably remained unaltered."

The cause of this difference was later on dealt

with in another communication to the Royal Society.

It is unnecessary, however, to go into this question

now, since it is at present generally admitted by

bacteriologists that Bacteria and Torulae in their

active state, as they are found growing and multiply-

ing in fluids, are invariably killed by a brief exposure

to temperatures ranging between 140° and 158° F.

(6o°-70° C.)—and for the most part nearer to the

former than to the latter limit.

Then, again, besides Bacteria and Torulae, the

bodies which are prone to show themselves at times

in experimental vessels raised to much higher

temperatures are ordinary Moulds. And in regard

to such organisms Sachs says ^
: "Of ninety-four ex-

periments which were made by Tarnowski with all

possible precautions, the result was that the spores of

Penicillium glaucum and Rhizopus nigricans . . .

heated in their proper nutrient fluids nevertheless

entirely lost their power of germination at 54° or

55°C. [i3.°F.]."

So far then the various experimental results upon

the question of " vital resistance " to heat have

yielded remarkably harmonious results. There is

still another side to the question, however, which
1 "Text-book of Botany," Transl. 1875, P- 651-

E
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must be dealt with in another chapter, before we can

enter upon the question as to whether, in addition to

mere "nourishing" fluids, there are actual "generat-

ing" fluids, in which germs of Bacteria, of Torulae,

and of Moulds may arise de novo.



CHAPTER X

THE LIMITS OF VITAL RESISTANCE TO HEAT I

CONCLUSION

A T the commencement of the last chapter I had
-^^- to refer to an exceptional group of organisms

—the Confervse found in hot springs—which are

capable of carrying on their very simple life-processes

under conditions of temperature that have been

found to be fatal to almost all other forms of life.

And now I have to refer to an exceptional group of

Bacteria—the so-called " Thermophilic Bacteria "

—

which are capable of carrying on their simple life-

processes at temperatures that would certainly prove

fatal to many of their allies. These organisms have

only been at all well known during the last ten years,

the most extensive information concerning them

being contained in two memoirs by Drs. Macfadyen

and Blaxall.^

They say their researches have led them to the

conclusion "that there is a widely distributed group

of organisms in nature which find their optimum

temperature of growth between 55° and 65° C."

Fourteen different forms have been studied and

described by these investigators. They were all

^ Jottrnal of Pathology and Bacteriology, Nov. 1894, and Transac-

tions ofJeniier Institute of Preventive Medicine, second series, 1899.
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Bacilli, for the most part motionless, and were found

principally in surface and deep layers of the soil, in

Thames mud, in sewage water, in the intestines of

many kinds of animals and in their dejecta, also in

all samples of ensilage examined. Rabinowitsch

and other observers have also found such organisms

in similar sites.

The temperatures most favourable to their growth

were tested by our authors, with three different

cultivating media for all the fourteen forms. Some
grew well at temperatures ranging from 2,7° to 47° C.

This was nothing new, as thirty years ago I had

made known that Bacilli would multiply most freely

at 50° C. in neutralised urine. But Macfadyen and

Blaxall go on to say : "We may, however, judging

by our observations, take 55° to 65° C, and even to

67° C, as an optimum temperature, both as regards

the quickness and the amount of growth that

occurred. It was interesting to note that in one or

two instances a very good growth occurred at

72*5° C, whilst in a few cases evidence of growth

was obtained even at 74*5" C. ... At the same

time there was no doubt about the optimum tem-

perature being about 50° C." Under cultivation the

majority of the Bacilli showed a tendency to grow

in long chains. Only two out of the fourteen forms

showed undoubted motility, though many of them

developed " spores "—bodies about which, in other

Bacilli, we shall have much to say presently.

Many of these thermophilic organisms were

capable of growth through a remarkable range of

temperature, though certainly many of them, outside
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the laboratory, would not often have found the

higher temperatures with which experiments were

there made. And, as the authors say, it is only
" reasonable to suppose that such a widely dis-

tributed group of organisms must find favouring

natural conditions outside the factor of temperature,

these conditions being probably of a chemical

nature."

Although some of these thermophilic Bacteria are

undoubtedly capable of flourishing at temperatures

that prove rapidly fatal to other Bacteria, they are

not so remarkable in this respect as the Confervse

referred to in the last chapter, many of which

flourished at even higher temperatures. We have

still much to learn concerning each of these groups of

organisms of lowest grade ; but as we are distinctly

told by Macfadyen and Blaxall that the thermophilic

Bacteria were never detected in tap water (and as

they would be still less likely to be found in dis-

tilled water with which the most important experi-

ments to be recorded in this work have been made),

they may, from our point of view, be almost as much
disregarded as the Confervse of the hot springs.

Neither of these exceptional organisms are, in fact,

at all likely to complicate our work.

Seeing that in the experiments with saline and
organic infusions recorded in the last chapter the

solutions were inoculated with a drop of a fluid in

which either Bacteria alone, or Bacteria and Torulse,

were multiplying rapidly, we must suppose that they

were multiplying in their accustomed manner, as
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much by the known method of fission as by any

unknown and assumed method of reproduction.

As I then said :
" These experiments seem to show,

therefore, that even if Bacteria do multiply by means

of invisible gemmules as well as by the known
process of fission, such invisible particles possess

no higher power of resisting the destructive influ-

ence of heat than the parent Bacteria themselves

possess." ^

Nothing more than this could be said in 1871
;

though five years later memoirs were published by

Professor Cohn ^ and Dr Koch making known the

existence of easily visible " spores," both in hay and

in anthrax Bacilli. When these organisms are

cultivated at blood-heat, and the infusions are

exposed to air filtered through a cotton-wool plug,

both these forms of Bacilli tend to grow into long

interlacing threads at the surface of the fluid ; and

in twenty-four to forty-eight hours a number of

highly refractive particles appear at short distances

from one another within the threads—which are the

" spores " in question. Subsequently, similar bodies

have been found in many other Bacilli and, among
them, in the thermophilic Bacilli to which reference

has recently been made.

It remains, therefore, to ascertain what amount

of heat these spores are capable of withstanding,

first of all (a) when in their moist state, and

subsequently (d) after they have undergone desic-

cation.

1 "Modes of Origin of Lowest Organisms," 1871, p. 60.

2 <' Beitr. zur Biologie der Pflanzen^'' 2^'' Bd., p. 268.
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(a) Death-point of Spores of Bacilli in the

Moist State

In 1876 I began the investigation of this problem

with Bacillus spores obtained from urine, such

organisms being almost exactly similar to those

that are to be found in a hay infusion. They were

procured in this way. I inoculated a neutralised

specimen of boiled urine contained in a flask plugged

with cotton wool, with another specimen of urine

already swarming with Bacilli, and placed the

mixture in an incubator at 100° F.

In the course of two or three days a scum formed,

in the threads of which spores were abundantly

developed, and the filaments themselves, during these

and the two or three subsequent days, broke up
very extensively. This liquid (A), thoroughly well

shaken, gave me a fluid, as I ascertained by exam-

ination, teeming with spores of Bacilli. Another

liquid (B) was also prepared by causing neutral

urine to ferment at 122° F. in an airless vessel. In

this fluid, while the Bacilli themselves were swarming

in the form of rods or short filaments, their o-erms

or spores were absent.

A number of bulb-tubes were then taken, and

each of them was charged with one ounce of a

urine whose acidity was equivalent to 12-15 minims

of liquor potassae per ounce. Such a fluid is one

which can be certainly sterilised by raising it for a

few minutes to 212° F., and this, of course, is an

essential property for any nourishing liquid that is
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to be used in experiments as to the death-point ot

organisms—we must know for certain that, under

the conditions employed, the fluid is not a "generat-

ing" medium.

To some of the tubes charged with this fluid one

minim of the fluid A, containing an abundance of

spores, was added ; while others were inoculated

with a drop of fluid B, containing rods and short

filaments but no spores.

The necks of the bulb-tubes, thus charged, were

then drawn out in the blow-pipe flame, and the

fluid within each was boiled over the flame for

about a minute. The neck of the tube was

hermetically sealed during ebullition, after which

it was at once plunged in an inverted position into

a can of boiling water where it was allowed to

remain exactly ten minutes.^

The fluids of the two series, similarly heated,

were then placed side by side in an incubator

maintained at 122° F. (50° C), and the result in

25 trials (19 containing fluid A, and 6 containing

fluid B) was that not one of either series fermented,

although the tubes were kept from ten to fourteen

days in the incubator. Yet, in control experiments

with the same urine boiled for ten minutes in

plugged flasks, and subsequently inoculated with an

unheated drop of fluid A or of fluid B, fully de-

veloped fermentation was set up, with the appear-

ance of swarms of Bacilli, in from sixteen to twenty

hours : showing clearly that there was nothing in the

1 The object of inverting the vessel in the can was to bring all parts

of the tube into contact with the heated fluid contained therein.
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nature of the fluid to impede the development of the

organisms.

Having ascertained that hay-bacilli also grew and

multiplied with about equal readiness in such acid

urine, I subsequently executed a third series of

experiments, in which the inoculating material was

similar to that of A in the fact that it swarmed with

Bacillus spores, only it was composed of hay-infusion

instead of urine, in which the organisms had gone

on to spore-formation. The results were, however,

in no way different. Out of twenty-four trials with

this fluid as the inoculating medium, fermentation

did not take place in a single instance, the inoculated

fluids having been boiled as before for ten minutes.

It seems perfectly clear, therefore, that the spores

of Bacilli when in the moist state are all killed by

an exposure to 212° F. (100° C.) for ten minutes.

Probably they would have been killed at some point

intermediate between this and 158° F.—the latter

being the temperature which, as we have seen, kills

all kinds of Bacteria except a very few of the

thermophilic forms. What the exact death-point of

these spores is, however, I did not ascertain at the

time ; and, so far as I know, it has never since been

done.

In reference to the spores of Fungi, also, de
Bary^ mentions that in their dry state 130° C. has

been necessary for their destruction, though he
adds, "the death-point of the spores of Fungi is

often much lower than this in water or watery

vapour, and it has not been shown that any can

^ "The Structure and Functions of Bacteria," Transln., 1900, p. 76.
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under these circumstances survive a temperature of

1 00° C.^ There is, in short, the concurrent testimony

of many observers to the fact that, after such an

exposure, germination would never take place

because the spores were no longer living. This

was the result obtained in many experiments made

by Bulliard, and related in his " Histoire des

Champignons." Mere contact with boiling water

was found sufficient to prevent germination ; and

M. Hoffmann 2 similarly ascertained that an ex-

posure of from four to ten seconds sufficed to

prevent the germination of all the Fungus spores

with which he experimented. The experience of

other observers has been similar, and among them

that of Pasteur himself, who says explicitly, no Mould

or Torula "can resist 100° C. when immersed in

water," as he has satisfied himself—this time, by

"direct experiments."^ Professor Jeffries Wyman
also said,* "We have tried many experiments upon

different kinds of Moulds and yeast plants, and have

found, as nearly all observers have, that they perish

at 212" F." The experiments of Liebig and Tar-

nowski have, in fact, shown as already stated that

^ The difference of the resistance of organisms to dry heat is always

far greater than to moist heat. But in all experiments referred to in

this work we shall have to do with moist heat. I, therefore, purposely

make no reference here to the investigations of Drs. Dallinger and

Drysdale on the death-point of Monad germs {Monthly Microscop.

Jour?!., Aug. 1873, p. 57), though I have analysed and criticised these

observations elsewhere {Journal oj Lm?t. Soc. [^Zoology], vol. xiv. pp.

76-78).

^ Bullet, de la Soc. Botan., t. viii., p. 803.

^ Ann. de Chhn. et de Physique., 1862, p. 60.

* " Observations and Experiments on Living Organisms in Heated

Water," American Jourft. oJ Science and Arts., vol. xliv. Sept. 1867.
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even a temperature of 5
5°- 60° C. is fatal to Torulae

and Fungus spores (see pp. 62 and 65).

(b) Death-point of Spores of Bacilli after they have

undergone Desiccation for a briefperiod

This is a subject concerning which the most

diverse statements have been made. Very great

uncertainty exists even in regard to the abiHty to

withstand desiccation possessed by the ordinary

vegetative forms of Bacteria. One of the first to

make observations on this latter subject was Burdon

Sanderson,^ who definitely came to the conclusion

not only that " the germinal particles of microzymes

are rendered inactive by thorough drying without

the application of heat," but also that " fully-formed

Bacteria are deprived of their power of further de-

velopment by thorough desiccation." The amount

of desiccation adopted by Burdon Sanderson was

merely that occasioned by keeping the organisms

for two or three days in an uncovered condition

exposed to a temperature of 104° F. Subsequent

investigations, however, have shown that his con-

clusion by no means holds good for all Bacteria, and

that whether they survive or not depends much
upon the conditions under which they undergo

desiccation. His conclusion, also, most certainly

does not apply to the spores of Bacilli, which were

unknown at the time his observations were made.

It remained, therefore, to ascertain by exact ex-

periments what evidence could be obtained, in support

1 Thirteenth Report of the Medical Officer of the Privy Council,

1871, p. 61.
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or otherwise, of the statements which had been

made to the effect that a previous desiccation enabled

spores, in such a state, and when surrounded by their

albuminoid or gelatinous envelopes, to resist for a

long time the moistening influence of water, and

thereby to withstand for long periods a degree of heat

which would otherwise have proved destructive.

To test this point I proceeded in the following

manner. I took a hay infusion on which there was

a well-formed scum containing myriads of the most

typical spore-bearing filaments, partly entire and
partly breaking up, so as to liberate the spores.

This was put into a corked test-tube and shaken

vigorously for a short time, so as to procure a

uniform dissemination of the spores through the

liquid. Some of the thick, muddy-looking emulsion

was then poured upon an ordinary clean microscope

slip, so as to cover it with a thin stratum of the fluid,

which was subsequently allowed to evaporate. In

the course of three or four hours, when a dry opaque

layer had been left upon the glass, the slip was

placed in the dry chamber of an incubator at a

temperature of 122'' F., where it was kept exactly

four days. The dry layer was then scraped off

with a knife into a clean watch-glass, and to the

resulting powdery material about thirty or forty

minims of distilled water were added.

After allowing the powder to remain thus im-

mersed for four hours, so as to imitate the stage of

preparation of a hay infusion, some of the stirred-up

mixture was added to a quantity of urine having an

acidity equivalent to eleven minims of liquor potassse
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per ounce. The addition was made in the propor-

tion of two minims of the spore-containing liquid

to each ounce of the urine ; and with this well-

shaken mixture nine bulb-tubes were charged

After their necks had been drawn out in the blow-

pipe flame, the fluid in each of them was boiled over

the flame for rather less than one minute, when the

vessel was hermetically sealed. An interval of

nearly a minute having been allowed to elapse (so

as not to crack the heated tip), each closed vessel

was inverted and plunged into a can of boiling

water, where it was allowed to remain for twenty

minutes.

Subsequently all the tubes were placed together

in an incubator at 122° F., and with them a control

experiment, consisting of a small flask plugged with

cotton wool, in which some of the same urine had

been boiled alone for twenty minutes, and to which

two drops of the original spore-containing mixture

(not previously dried or heated), were added when
the urine had cooled. This latter operation was
effected by removing the cotton-wool plug for an

instant, allowing the spore-containing fluid to drop

into the urine, and then carefully replacing the plug,

after the manner so often adopted by Professor (now
Lord) Lister.^

The results of these experiments were as follows :

In sixteen hours the fluid in the control-tube was

notably turbid, and at the expiration of twenty-four

hours a thin scum of Bacilli had formed on its surface.

The fluids in the other nine tubes all remained quite

^ Quart. Jouml. of Microsc. Science., 1873, p. 384.
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clear, and showed no signs of turbidity during the

ten days that they were retained in the incubator.

Thus thousands of Bacilli spores, after they had

undergone a very considerable amount of desiccation,

were found to be unable to survive a heating to

212° F,, prolonged for only twenty minutes.

[c) Death Point of Spores of Bacilli after Desiccation

for a prolongedperiod

About the same time that these experiments

were made (towards the middle of 1877) Professor

Tyndall had much to say concerning "old hay

germs," as a consequence of his having made ex-

periments with some five-year-old hay, which yielded

results he could only explain by imagining that

certain Bacillus germs, not seen and examined by

him, but supposed to be contained in the hay, had,

by reason of their prolonged desiccation, been able

to withstand the temperature of boiling water even

for seven or eight hours, and thus to have been the

cause of the appearance of swarms of Bacilli within

his experimental vessels.

Recognising, at this time, the futility of further

discussion on such a point till exact experiments

bearing upon the question had been made of a kind

similar to those just recorded—except for the fact

that the Bacillus spores had actually undergone

desiccation for a number of years rather than days

—

I caused another hay infusion to swarm with such

bodies, and subsequently poured some of this fluid

out upon six microscope slips, so as to form a thin

stratum on each. After the fluid had evaporated,
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and a dry layer swarming with spores of the Bacilh

was left, the slips were put away in a cabinet, pro-

tected from dust, and there left for nearly six years.

Then, in 1883, the dry layer was at different

times scraped off from the glass slips, the fragments

were put into a purified test-tube, with about one

drachm of distilled water, and were well shaken, so

as to break up and distribute the particles and form

a kind of emulsion. Here then we had an inoculat-

ing material, undoubtedly full of "old hay germs"

which had undergone a prolonged desiccation, and

were, consequently, in the condition deemed most

favourable for enabling them to escape the destructive

influence of heat.

Two sets of experiments were made with this

mixture ; one in which this inoculating material was

allowed to soak in the distilled water for four hours at

a temperature of 112° F., so as to imitate as much
as possible what would happen in the preparation of

an infusion ; and another in which there was no

preliminary soaking of the inoculating material for

more than a very short time prior to the process of

heating to which it was submitted. Sterilised acid

urine was again used as the nourishing fluid in each

set of experiments.

(i) Experiments with the Spore Liquid previously

maintained at 112° F. for fotir hours.—^At the

expiration of the four hours, the spore liquid was

added to the sterilised urine contained in a sterilised

receiver, as before, in the proportion of two minims

to the ounce.
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Twelve two-ounce retorts were then charged with

the inoculated fluid, and the necks of the retorts

were drawn out in the blow-pipe flame. Each fluid

was boiled about one minute over a flame and sealed

during- ebullition ; after which the retorts were in-

verted and plunged into a can of boiling water,

for different periods :

—

2 were boiled in the can for 5 minutes.

2 ., ,, 10

15

20

25

30

The twelve retorts, after being heated, were

placed in the incubator at 120° F., and the results

were as follows :—The fluid in one of the retorts

which had been heated for 30' to 212'' F., became

turbid in two days, and was found to swarm with

Bacilli ; while those in the other 1 1 retorts remained

quite clear at the expiration of 14 days.

The scum containing Bacillus spores was scraped

from another slip, and after soaking in a test-tube

containingf a drachm of distilled water for four hours

at 212° F., as before, it was dealt with in a rather

different manner.

This spore liquid was added, in the same pro-

portion, to a stock of sterilised urine contained in a

purified Lister's receiver. Meanwhile a number of

two-ounce sterilised cork flasks had been prepared,

which, with the aid of an assistant, were charged

rapidly, and in the most careful manner, after the
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fluid had been boiled for different periods. After

charging, the flasks were quickly recorked, and

placed in the incubator at 120° F. This trial

differed from the other, therefore, in the fact that

the flasks contained air. It led to the following

results :

—

Results.

a 1 u J r^ a -J u -1 J ' r 2 turbid in 24 hours.
X flasks charged after fluid boiled c^

{ , ^ ,'^ ^
I I clear after 5 days.

turbid in 24 hour

clear after 5 days

, / 2 turbid in 24 hours.

All the 18 fluids

> quite clear after 5

days.^

18 other flasks were charged with
^^

this fluid, which had been boiled

10'; and then the fluid in each

flask was boiled for 5' more,

making a total boiling for each

of 15'.

Thus, in these ^6 experiments only 4 flasks

showed any evidence that the Bacilli spores, after

prolonged desiccation, were able to survive a boiling

of lo^ and only 1 that they might be able to resist

boiling for 30'.

(2) Experiments with Spore Liquid heated without

such a prolonged prelimifiary soaking.—Six two-

ounce retorts were charged, more than half full

with sterilised urine, inoculated as before, and in

the same proportion, with the scrapings, swarm-

ing with Bacillus spores, from another glass slip.

The necks of the vessels were drawn out, as before,

1 It was found useless to keep these inoculated fluids under obser-

vation for a longer period. Growth and multiplication occurred within

three days, if at all.

F
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and the fluid in each was boiled for about one

minute, when the neck of the retort was sealed

during ebullition. Subsequendy the retorts were

inverted, and immersed in a can of boiling water

for different periods.

Two were boiled in the can for lo', within half

an hour after the wetting of the spore material.

Two were boiled for 20', within one hour after

the wetting of the spore material.

Two others were boiled for 30', within one and a

half hours after the wetting of the spore material.

One of the retorts heated for 20' was accidentally

broken, but the other five were placed in the in-

cubator at 120° F., and there left for five days, all

the fluids having remained clear and unchanged.

Another set of experiments was made with a

slight variation in method. To a stock of sterilised

urine in a Lister's receiver, a quantity of the spore

liquid (after only a brief preliminary soaking) was

added in the proportion of two minims to the ounce

as before. From the inoculated fluid in the re-

ceiver, 23 small flasks plugged with carbolised

cotton-wool were charged, and the fluid in each of

the plugged flasks was gently boiled over the flame

for 12'. One of these flasks was accidentally

broken. A control experiment was also prepared,

in which the urine was boiled alone, and when it

had become somewhat cool it was inoculated with

two minims of the unheated spore liquid. All were

then placed in the incubator at 120° F., with the

following results :-—

The fluid in the control flask was found in 24
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hours to be turbid with Bacilli. At the expiration

of 48 hours all the other 22 fluids were quite clear,

but by the end of the third day two of them had

become turbid, while the remaining 20 underwent

no change.

Here again, then, out of 27 trials with a favour-

able nourishing fluid inoculated with desiccated

Bacilli spores, under conditions most favourable for

their survival,^ in only two cases where they had

been heated merely for 12' were they able to sur-

vive an exposure to 212° F. ; while out of the total

63 trials in which these "old hay germs" (that is,

actual spores desiccated for over five years) were

used as the inoculating material, only once was

there evidence that any of them could resist an

exposure for 20' to a temperature of 212° F.—and

it is quite possible that this isolated positive result

might have been due to some accidental contamina-

tion after the heating.

With the last microscope slip containing these

desiccated Bacillus spores an attempt was made to

see what the influence of 80° C. (176° F.) upon
them would be. Some acid urine was first sterilised

by boiling it for 10' in a purified Lister's receiver.

To this some of the emulsion containing Bacillus

spores, without any prolonged soaking, was added
in the proportion of two minims to the ounce, as

before.

^ Most favourable because in their dried state, just like a parched
pea, they might be able to withstand for a time the influence of the

boiling water, and subsequently undergo development while in the

incubator.
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The inoculated mixture was then heated on a

sand bath till a thermometer in the fluid (passed

through the cock of the receiver) stood at 80° C.

(176" F.), and at this temperature it was maintained

for 5' only.

With this heated inoculated nourishing fluid 12

purified flasks, plugged with carbolised cotton-wool,

were most carefully charged, with all precautions.

The plugs being replaced, each flask was put into

the incubator at 120° F., and there allowed to

remain at this temperature. The results were as

follows :

—

One of the flasks was accidentally broken ; but of

the remaining 1 1 all but three were lighter coloured

and distinctly turbid from multiplication of Bacilli in

24 hours ; by 36 hours two of the others were

turbid ; but up to the end of the fifth day the fluid

in the one remaining flask was still quite clear.

Thus out of 1 1 trials, on ten occasions it was found

that these desiccated Bacillus spores were able to

resist a temperature from io°-20° F. higher than

the organisms from which they had been derived.

What their precise death-point would be still

remains rather uncertain, though it seems clear from

the other 63 trials that there is a very remote

chance for any of them being able to resist the

destructive influence of 212° F. for 20'. This con-

clusion will be found to be one of considerable

importance in reference to the interpretation of

other experiments to be recorded in this volume.

The only other point concerning the question of
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vital resistance to heat that remains for brief con-

sideration is as to the death-point of the spores of

the thermophihc Bacteria, which seem to be the

most resistant of all. This question has been inves-

tigated by Christen/ who arrived at the conclusion

that the spores of these organisms, commonly found

in soil, were killed by compressed steam in the

following periods, when exposed to successively

higher temperatures :

—

At 100° C. in more than 16 hours,

,,
105°-! 10° ,, 2 to 4 hours.

,,
115°

,, 30 to 60 minutes.

,, 1 25°- 130° ,, 5 minutes and longer.

,, 135° M I to 5 minutes.

,,
140°

,, I minute.

According to Lehmann and Neumann (" Prin-

ciples of Bacteriology," 1906, p. 53), from whose

work I have taken these figures, " the apparatus

employed brought the objects to the desired eleva-

tion of temperature very quickly."

These are certainly very remarkable results when
compared with the very much lower resistance to heat

shown even by desiccated hay Bacillus germs. But,

as I have intimated already, the thermophilic soil

Bacteria are little likely to complicate our results.

The fact that they are not to be found in tap water,

and still less in distilled water, enables us practically

to disregard them as possible contaminations in our

experiments. We have only to take note of the

fact that they are perhaps the very lowest forms of

^ Centralblatifiir Bakteriologie^ xvii., p. 498.
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life, and possibly, in consequence thereof, are capable

of resisting degrees of heat far higher than those

which prove fatal to ordinary bacteria, including

Bacilli, Micrococci, Streptococci, and Staphylococci.

These latter, as we have seen in their vegetative

forms, are, like Torulse and Fungus-germs, killed

by a brief exposure to 140° F. (60° C), or there-

abouts ; while the more resistant, though much less

widely distributed, spores of ordinary Bacilli have

been shown to be killed, with only one exception, out

of very numerous trials, when immersed in fluids that

have been raised to the boiling point for 20'.

After this exhaustive enquiry as to the degree of

heat to which it is needful to expose our closed

experimental vessels and their fluid contents, in

order to feel reasonably sure that all pre-existing

living things within them have been killed, we are

in a position to take up the further enquiry, to which

this has been a necessary preliminary, as to whether

certain fluids, over and above their power of

nourishing living things, are capable of actually

engendering them. We have seen (p. 57) that some
fluids are " nourishing " fluids only ; we now have to

ascertain whether some of these same fluids under

other conditions, or other fluids altogether, may not,

in addition, be "generating" fluids for different

kinds of Bacteria, for Torulse, and for some simple

Moulds.



CHAPTER XI

MODES OF TESTING THE QUESTION WHETHER CERTAIN

SOLUTIONS CAN GIVE BIRTH TO SPECKS OF LIVING

MATTER

oNE of the best of the methods for investigating

this problem was introduced so long ago as

the middle of the eighteenth century, during the

controversy that occurred between the learned

Abbe Spallanzani, Professor of Philosophy at

Modena, and Turberville Needham, a Catholic

priest, who is said to be the first of the English

Catholic clergy who had the honour of being

elected a Fellow of the Royal Society. He
was also a corresponding member of the French

Academy, and was a friend of Buffon, the celebrated

naturalist. They often worked together and shared

one another's views, as may be seen from the early

volumes of Buffon's great work on " Natural

History," where an account of the views of

Needham is to be found. In the controversy

between him and Spallanzani, what is known as

the " method of Spallanzani " was had recourse

to in the most important of their experiments.^ It

^ An account of these experiments may best be seen in a French
translation of a work by Spallanzani entitled " Nouvelles Recherches
sur les Decouvertes Microscopiques," 1769, with copious notes by
Needham. See especially pp. 8, 102-135, and 216-218.

87
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was extremely simple and yet perfectly suitable.

The infusions with which trial was to be made were

introduced into flasks with narrow necks ; the necks

of the flasks were drawn out and then hermetically

sealed in the blow-pipe flame, while the flasks with

their contents were subsequently heated in boiling

water for different periods—with the view of killing

any pre-existing living things, either in the fluids, in

the air contained within the flasks, or on the walls

of the vessels themselves.

In 1837 another mode of experimentation was

introduced by Schwann,^ and has been much used

since his time (either exactly or with slight modi-

fications), and prin-

( cipally by Pasteur

and Jeffries Wyman.
The organic matter in solution with

which trial is to be made is boiled

in a flask, the neck of which is

securely connected with a tube

closely packed with portions of red-

hot pumice stone—or else closely-

packed, fine, iron wires as employed

by Wyman. And after the solution

has been boiled for some time, so

Fig. I. that all the air of the flask has been

Wyman's Modifica- expellcd, the vessel itself is allowed

A^^arLs"^""^""' ^^ ^°°^ slowly, while the tube con-

taining the closely-packed red-hot

materials is still maintained at the same tempera-

ture, in order that the air entering slowly into

^ Pogendorff's AnJinlen^ 1837, vol. xli. p. 184.
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the flask may be subjected to a calcining heat as it

passes through the tube. When the flask has become

cool, its neck is hermetically sealed by the blow-pipe

flame, so that it will then contain only the previously

boiled solution in contact with air (at ordinary

atmospheric pressure) which has been calcined.

At other times Pasteur has boiled the organic

solution over the flame, in flasks whose necks have

been plugged with cotton wool ; or else in flasks

with long, narrow and bent necks. In the first case

air would only enter the slowly-cooling flask after

it has been filtered from its impurities by the cotton

wool ; while, in the second form of flask, the air

which is allowed to re-enter slowly, during gradual

cooling, is supposed to deposit its impurities in the

flexures of the long and bent neck. Such methods

cannot be as safe as the use of hermetically sealed

vessels.

Although the presence of air within the closed

flasks has generally been considered essential, still

it had been shown by Fray,^ even before the time of

Schwann, that atmospheric air might be replaced

by other gases such as hydrogen or nitrogen ; and

that even then (with the method of closing the

vessels at the time in vogue) living organisms were

subsequently to be met with in the infusions.

Later, Professor Mantegazza ^ and Pouchet ^ showed
that oxygen gas might be successfully substituted

for atmospheric air, in experiments which in other
^ " Essai sur I'origine des corps organises et inorganisds," Paris,

1821, pp. 5-8.

- Ciornale dell R. Instituto Lombardo, t. iii. 185 1.

2 Compf. Rend. (1858), t. xlvii.
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respects complied with Schwann's conditions ;
while

Dr Child ^ also showed that organisms were to be

met with when either oxygen or nitrogen was sub-

stituted for atmospheric air in similar experiments.

It was stated by Spallanzani that while organ-

isms were procurable from hermetically sealed flasks

in which the air was somewhat rarefied, they were

not to be met with when the rarefaction was ex-

treme, or where a vacuum existed. Pouchet also

rejected, as preposterous, the notion that organisms

could be expected to occur under such conditions ;

^

and both he, as well as Pasteur, whenever desiring

to make comparative trials with the air of different

localities, boiled the fluids and sealed the necks of

the flasks during ebullition—never supposing that

any fermentative changes could occur in the fluids

contained in these airless flasks.^

In the spring of 1870, however, after a few

tentative trials, I definitely adopted this mode of

experimentation, and soon had reason to think that

some infusions were rather more prone to undergo

change in these retorts, from which almost all the

air had been expelled, than when they were con-

tained in flasks full of air, prepared after the manner

of Needham and Spallanzani.

It occurred to me, at that time, that putrefactive or

fermentative changes might not always be initiated

1 "Essays on Physiological Subjects," 2nd ed., 1869, p. 114.

2 "Nouvelles Experiences," 1884, p. 12, note, and p. 156.

3 Such flasks were carried away by them to the Alps or Pyrenees,

in order that the necks of the flasks might be broken in the localities

chosen, the influence of whose air they wished to test. After being

resealed the flasks were kept for future observation of their contents.
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by contact of organic matter with oxygen or any

other gas—that it might, at times, be dependent

upon the inherent instabihty of the organic matter

itself. Independently of the fact, therefore, that

the sealing of the flask after all the air had been

expelled, and during ebullition of the fluid, was a

much simpler process than having to admit calcined

air and sealing the flask after it had cooled, it

seemed possible that the existence of a compara-

tive vacuum might, for other reasons, sometimes

prove an advantage.

The method, therefore, adopted by me for a long

time was this. After each flask, of one to two

ounces capacity, had been thoroughly cleaned with

hot water, three-fourths of it was filled with the fluid

that was to be made the subject of experiment.

The neck of the flask or retort was then drawn

out in the blow-pipe fl.ame, two or three inches

from the bulb, till it was about a line in diameter.

The neck having been cut across in this situa-

tion, the fluid within the vessel was boiled con-

tinuously for from ten to twenty minutes. At first,

ebullition was allowed to take place rapidly (till

some of the fluid itself frothed over) so as to

procure the more thorough expulsion of the air

and bring all parts of the flask in contact with

the boiling water ; then the boiling was main-

tained for a time at medium violence over the flame

of a spirit-lamp, and the neck of the flask was
subsequently sealed in the blow- pipe flame during

ebullition.

After a little practice one soon became able to
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seal the flasks actually during ebullition, that is,

while there was still an out-pouring of steam ; and

it must be borne in mind that even if the out-

pouring of steam had ceased for a second before

the almost capillary orifice of the heated neck of

the flask had been closed, the neck of the flask

being at the time in the blow-pipe flame, air could

only enter through the flame and through the white

hot capillary orifice itself. It would, in fact, have

been calcined as in Schwann's experiment. The
conditions of the experiment would thus have been

no less severe, and the only effect would be that

the vacuum would have been rendered a trifle less

complete.

In many of my later experiments with this method

a slieht modification was made. The fluid was boiled

for a shorter time over the flame, and as soon as

the flask was hermetically sealed, it was inverted and

placed in a can of boiling water for the remainder

of the time during which it was to be heated.

This modification was adopted with the view of

meeting objections that had been made, and In order

that all parts of the vessels employed should be more

effectually brought Into contact with boiling water.

There Is only one other principal method—namely

that employed by Professor Tyndall, and by no

one else. It was a most complicated and uncertain

mode of experimentation, which undoubtedly caused

him much trouble, and led to most contradictory

results. Some account of It will be given later on

(Chapter xvili.), when reference will have to be made

to these experiments.
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In my own experiments, dealing with the major
issue, I have invariably used hermetically sealed

flasks or tubes, and the experiments have either

been carried out in the manner I have just de-

scribed, or else by adopting the equally safe method
of Needham and Spallanzani.





PART III

THE EXPERIMENTAL EVIDENCE IN REFERENCE
TO PASTEUR'S CONCLUSIONS

CHAPTER XII

WAS PASTEUR RIGHT IN SAYING THAT GUARDED ACID

FLUIDS PREVIOUSLY HEATED TO lOo'' C. (2 12° F.)

REMAIN BARREN ?

I
HAVE already, in Chapter v., pointed out the

enormous influence which Pasteur's memoir,

pubHshed in 1862, has had in building up an

exclusive belief in the germ-theory, and in

casting doubt upon the present de novo origin of

living matter. In one of the concluding pages of

this chapter I have also set forth the fundamental

inductions and corollaries upon which Pasteur's

doctrines were based ; and I propose now to examine

these in detail, since they were strictly adhered to by

him up to the date of his latest writings on the

subject in 1877, when he still showed himself very

intolerant of any one doubting their truth.

He laid down the rule that fluids having an acid

reaction would, after they had been boiled for a few

minutes, and then efficiently guarded from contamina-

tion by particles contained in the atmosphere, remain
9S



96 THE EVOLUTION OF LIFE

pure for an indefinite time, and show no evidence of

the existence therein of living things. These sup-

posed facts confirmed him in the notion that all

ferment organisms and their germs were speedily

killed in such acid fluids when they were raised to

the temperature of loo" C.

The lethal influence of such a temperature was, in

fact, at that time and subsequently, generally ad-

mitted, and was the cause of the great incredulity

commonly felt in regard to the results of certain

experiments recorded by me in 1870-72 ; and was

also the cause of the suggestions, made by Professor

Huxley and others, that the organisms found by me
in my experimental vessels were dead rather than

living organisms.

Thus, at one of the Sectional Meetings of the

British Association in 1870, the President, after

referring to some of my experiments, and to the fact

that all unmistakably vital movements ceased after

Bacteria had been heated to 212° F., added :^— " I

cannot be certain about other persons, but I am of

opinion that observers who have supposed that they

have found bacteria surviving after boiling, have

made the mistake which I should have done at one

time, and, in fact, have confused Brownian move-

ments with true living movements." His belief was

so strong, on the one hand, that no Bacteria could

withstand the temperature of boiling water, and on

the other, as to the accuracy of Pasteur's con-

clusions, that he did not hesitate then, as on other

occasions, to suggest that the organisms I had

^ See Report in Qicart. Journ. of Microsc. Science, Oct. 1870.
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found in my experimental vessels were only dead

organisms, previously contained in the fluids and

killed by the heat.

My answer to this was given shortly afterwards

in the following terms :

^—"If fluids in vacuo (in

hermetically sealed flasks), which were clear at first,

have gradually become turbid ; and if, on micro-

scopical examination, this turbidity is found to be

almost wholly due to the presence of Bacteria or

other organisms ; then it would be sheer trifline

gravely to discuss whether the organisms were

living or dead, on the strength of the mere activity

or languor of the movements which they may be

seen to display. Can dead organisms multiply in a

closed flask to such an extent as to make an

originally clear fluid become quite turbid in the

course of two or three days ?
"

The same utter incredulity, however, continued

to be felt concerning the results of my experiments.

This cannot be better shown than by reproducing

some passages from a review of my then recently

published work, " The Beginnings of Life," which

appeared in the Academy of November i, 1872,

signed by H. M. Moseley, who subsequently dis-

tinguished himself by his investigations as one of

the naturalists of the Challenger expedition. This

writer says :

—

"Dr Bastian seals the flasks with which he is experimenting

during ebuUition of the contained fluid, and by this means, when
the apparatus has become cool, a partial vacuum is formed in the

vessel. Experiments were made in this way with hay and turnip

^ " Modes of Origin of Lowest Organisms," 1871, p. 9.

G
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infusions, in which every possible precaution appears to have

been taken to exclude or destroy germs. In nearly all cases,

after the lapse of some time, the solutions became turbid, or

exhibited a scum, and microscopic examination showed the

existence of organic bodies in the fluids, and in some cases of

bacteria in active motion."

" Now the only possible answer to be made to experiments

such as these is that the turbidity or scum in the solutions was

not caused by a development of organisms, but by some coagula-

tion or similar alteration in the fluid, and that the bodies seen in

the solutions were not living, but dead, and had been there all

the time. . .
."

"Considering, on the one hand, the a priori improbability of

the formation of bacteria, etc., de novo, with the great weight and

high value of the evidence already adduced against its occurrence,

and estimating, on the other hand, the value of the evidence here

put forth, it seems very unlikely that Dr Bastian's results will be

confirmed."

It would have been easy to add other expressions

of opinion of a like kind from other eminent

bioloeists, instio-ated doubtless under the influence of

Huxley's suggestions and the glamour of Pasteur's

authority ; but enough has been said to show the

feeling existing : and as I found that this feeling was

evidently shared by my then colleague Professor

(afterwards Sir) J. Burdon Sanderson, I suggested

to him in December 1872, that I should perform

some of my experiments in his presence, on the

understanding that he should subsequently publish

an account of them, and of the results obtained.

To this he assented, and the following report was

published by him m Ahiture, January 8, 1873.
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** Dr Bastiaiis Experiments on the Beginnings of

Lifer

In every experimental science it is of great

importance that the methods by which leading facts

can be best demonstrated should be as clearly

defined and as widely known as possible. This is

particularly true as regards physiology, a science of

which the experimental basis is as yet imperfect.

All experiments by which a certainty can be shown

to exist where there was before a doubt, serve as

foundation stones. It is well worth taking some

pains to lay them properly.

Your readers are aware that Dr Bastian, in his

work on the Beginnings of Life, has asserted that

in certain infusions the " lower organisms " come

into existence under conditions which have been

generally admitted to exclude the possibility of the

pre-existence of living germs. It is also well known

that these experimental results are disputed.

Not long ago I witnessed the opening of a

number of experimental flasks charged many months

ago by a friend of mine with infusions supposed to

be similar to those recommended by Dr Bastian.

The flasks had been boiled and closed hermetically

according to Dr Bastian's method. Finding on

careful microscopical examination that the contents

of the flasks contained no living organisms, I

charged calcined tubes with the liquids, sealed them

hermetically, and forwarded them to Dr Bastian.

When I next saw him he pointed out that two of

the three liquids used were not those which he had
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recommended, that if the infusions had been pro-

perly prepared, there would not have been any

necessity for keeping them many months before

examination, that his results with organic infusions

were obtained after a few days, and that they were

generally of a most unmistakable nature. To
satisfy my doubts on the subject he most kindly

offered to repeat his experiments relating to the

production of living organisms in infusions of hay

and turnip in my presence. To this proposal

(although I have hitherto taken no part in the

controversy relating to spontaneous generation, and

do not intend to take any) I gladly acceded, at the

same time engaging to publish the results without

delay.

Fifteen experiments were made. They were in

three series, the dates of . which were respectively,

Dec. 14, Dec. 20, and Dec. 27.

First Series—(Dec. 14th.) 'V^^

Two infusions were employed, an infusion of

turnip, in making which both the rind and the

central part were used, and an infusion of hay.

Both had been prepared the same day a short time

before they were used.

The turnip infusion, of which the specific gravity

was 10 1 2, and the reaction distinctly acid, was

divided into two parts, of which one was neutralised

with liquor potassae. Four retorts, each capable of

holding, when half full, a little over an ounce of

liquid, having been prepared, two were charged
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with neutral infusion, the other two with un-

neutraHsed infusion. A small quantity of pounded

cheese was then added to one of each pair. A fifth

retort was charged with unneutralised infusion

diluted with its bulk of water. As soon as each

retort was charged, the open end of its beak was

heated in the blow-pipe flame and drawn out. The
drawn-out part was then severed, and the retort

boiled over a Bunsen's burner, after which it was

kept in a state of active ebullition for five minutes.

During the boiling, some of the liquid was frequently

ejected from the almost capillary orifice of the retort.

At the end of the period named it was closed by the

blow-pipe flame, care being taken to continue the

ebullition to the last. The success of the operation

was ascertained in each instance by observing that,

by wetting the upper part of the retort, the ebulli-

tion was renewed.

Three similar retorts were charged with the hay
infusion, the specific gravity of which was 1005, and

the reaction neutral. Of these, one contained the

infusion diluted with its bulk of distilled water, the

others being charged with infusion to which no
addition had been made. These three retorts were
closed, after boiling, in exactly the same way as

those containing turnip infusion. The eight retorts

were placed, immediately after their preparation, in

a water-bath, which was kept at a temperature of

about ^0° C.

,We met to examine the flasks on December 1 7,

just three days after their preparation, Dr Bastian

having previously expressed his anticipation that the
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infusions of turnip with cheese, whether neutralised

or not, would be found by that time to contain

multitudes of Bacteria, and that the other two

undiluted turnip infusions would exhibit obvious

changes. In the hay infusions, he expected that the

process would not advance so rapidly ; the diluted

infusions, he thought, would remain permanently

unaltered. The results in each case were as

follows :

—

(a) Neutral turnip ziifusion with cheese.—On the

1 6th I observed that the liquid had become turbid
;

on the 1 7th the turbidity was very obvious. Before

opening the retort it was ascertained that when the

blow-pipe flame was directed against the tube the

heated part was drawn inwards, and further, that

when the retort was inclined with its bulb upwards,

so as to allow the liquid to rush against the closed

end, a characteristic water hammer sound was pro-

duced. On breaking the point air rushed in with a

tolerably loud sound ; the liquid was crowded with

moderately sized Bacteria, which exhibited active

progressive movements. There were also Leptothrix

filaments.

[h) Ufineutralised turnip infusion with cheese.—
On the 17th, the retort, having been tested in the

same way as before with similar results, was opened.

It contained no living forms.

{c\ Neutral turnip infusion without cheese.—On the

17th this liquid exhibited no marked change. It

was finally examined on the 31st, and found to be

still unaltered.

{d) Unneutraliscd turnip infusion wiihoiU cheese.
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—Up to December 3 1 no change had taken place in

this infusion.

(e) Unaihiied hay infusion.—The infusion was

sHghtly turbid on the 17th; on the 20th the

turbidity was more marked, and before the flask was

opened, the water-hammer sound and other evidence

showed that it was entire. The hquid was found to

be full of minute but very active Bacteria, and con-

tained numerous colonies of spheroids undergoing

transformation into Bacteria. There were also

Leptothrix filaments.

{/) The same.— This infusion was examined on

the same day. It had become turbid at about the

same time as the last infusion, though to a less

extent. It was distinctly acid. A drop of this

fluid contained few Bacteria as compared with e.

[g) Diluted hay infusion.—On the 20th it was

discovered that the retort was accidentally cracked.

The liquid was swarming with Bacteria, and

possessed an offensive smell. On account of the

crack, Dr Bastian regarded the experiment as

futile.

ifi) Dihiled turnip infusion.— This liquid remained

unchanged.

Second Series—(Dec. 20th.)

The purpose of this series was to ascertain

whether the irregularities of the results with the

turnip infusions in the first series, as compared with

Dr Bastian's already recorded results, were due to

the fact that the material used consisted partly of

rind. Dr Bastian thought that this might be the
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case, and accordingly another infusion was prepared

in which no rind was employed. As before, the

fresh acid infusion of turnip was divided into two

parts, one of which was neutralised by liquor potassae.

Of four retorts, three were charged with unneut-

ralised liquid, the fourth with neutral. Of the three,

two were treated with cheese ; to the third no

addition was made. They were prepared in every

respect as before. In each case the drawing-in of

the glass in the blow-pipe flame was again noticed

before the neck of the retort was broken.

(a) Unneutralised inftision with cheese.— This

infusion showed opalescence, even after twenty-four

hours. On the 23rd it had become decidedly turbid,

and was opened. The liquid was foetid, and its

reaction acid. It swarmed with Bacteria.

(b) The same.—The retort was opened on the

31st, its contents having shown a slight turbidity for

several days previously. The liquid was slightly

foetid, and it contained characteristic Bacteria, which,

however, were few in number.

{c) Neutral infusion without cheese.—The retort

was opened on December 31, the fluid having been

slightly turbid for several days. The liquid was

acid, and slightly foetid, but still retained the odour

of turnip. A drop contained a few Bacteria, about

0*003 ^^"^- ^^ length, which exhibited oscillatory

movements.

{d) Unneutralised infusion without cheese.—The
liquid contained a white mass which lies at the

bottom, and was so tenacious that it could be drawn

out into strings with needles. This consisted entirely
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of Bacteria and Leptothrix, embedded in a hyaline

matrix. There were also Bacteria in the liquid.

Third Series—(Dec. 27th.)

It appeared to me desirable to ascertarin whether

the condition of the internal surface of the glass

vessels exercised any influence on the result. I

therefore heated two retorts to 250° C, keeping

them at that temperature for half an hour, and closed

them while hot in the blow-pipe flame. These Dr
Bastian charged by breaking off their points under

the surface of a neutral infusion of turnip with

cheese, freshly prepared for the purpose, without

employing any of the rind. The retorts were

boiled and sealed in the same way as before, except-

ing that whereas one was boiled only five minutes

the other was boiled ten minutes. The specific

gravity of the infusion used was 10 13, A third

uncalcined retort was charged with some of the same

infusion containing no cheese. This was also

boiled for ten minutes.

I was out of town from the 28th to the 30th, and

therefore did not examine the retorts until the 31st.

Dr Bastian informed me that on the 28th, twenty-

one hours after preparation, the liquids in both the

calcined retorts were distinctly turbid, the temperature

of the water bath being 32° C. : and that sixty-six

hours after preparation, whilst the turbidity was
much more marked, each flask also contained what

appeared to be a "pellicle," which had formed and

sunk. At this period the fluid in the third flask had

also become very decidedly turbid.
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(a) Neutral turnip infusion with cheese in calcined

retort, boiled ten minutes.—The retort having been

tested in the way previously described was opened

on the 31st. The Hquid was very foetid, had an

acid reaction, and contained much scum. It was

found to be full of Bacteria, whilst Leptothrix existed

in abundance in portions of the scum, together with

granules of various sizes which refracted light

strongly.

(<5) The same boiledfive minutes.—The state of the

liquid was the same as that just described.

{c) Neutral infusion ivithout cheese, boiled ten

minutes—retort not calcined.—In this liquid the rods

and filaments were much less numerous. In other

respects its characters were the same.

In each case before opening the retort it was again

observed that a portion of its neck became drawn

in when exposed to the blow-pipe flame.

As regards the results of the foregoing experi-

ments, it is unnecessary for me to say anything as

to their bearing on the question of heterogenesis.

The subject has already been frequently discussed

in your columns.

The accuracy of Dr Bastian's statements of fact,

with reference to the particular experiments now

under consideration, has been publicly questioned.

I myself doubted it, and expressed my doubts, if

not publicly, at least in conversation. I am content

to have established—at all events to my own satis-

faction—that, by following Dr Bastian's directions,

infusions can be prepared which are not deprived,
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by an ebullition of from five to ten minutes, of the

faculty of undergoing those chemical changes which

are characterised by the presence of swarms of

Bacteria, and that the development of these

organisms can proceed with the greatest activity in

hermetically-sealed glass vessels, from which almost

the whole of the air has been expelled by boiling.

J. BuRDON Sanderson

University QoW^'g^, January i.

Shortly after the publication of this report by

Professor Burdon Sanderson there came another in-

dependent confirmation of my experiments in a letter

published in Nature, March 20, 1873, from D.

Huizinga, the Professor of Physiology in the Uni-

versity of Groningen, from which some extracts may
now be made. His communication was an important

one, because it answered also some of the objections

which had in the interval been raised by others,

and pointed out the special necessity of care, if

such experiments were to be attended by successful

results.

Professor Huizinga wrote as follows: "Having
occupied myself for some time past with an experi-

mental study of abiogenesis, I have followed with

much interest the controversies on this question in

recent numbers of Nalttre, and beg leave therefore

to state to the readers of this journal the results of

my experiments. A turnip decoction of the specific

gravity i-oii-i-oi6, filtered and boiled with cheese

(o-25-o'5 grm. to 50 c.c.) ; filtered again and
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neutralised ; then boiled for ten minutes and

hermetically sealed, is, after two to three days' exposure

to a temperature of 30° C, swarming with Bacterium

terms. It is, however, to be remarked that a too great

concentration of the solution hinders the evolution of

the Bacteria ; the volume of the liquid employed

should therefore not be too small, otherwise the

boiling for ten minutes will render the solution too

much concentrated. Perhaps the negative results

recorded by some experimenters are to be explained

in this way." . . .

" Instead of cheese can be used peptone (0.2 grm.

to 50 c.c.) with the same result. The peptone is

obtained by digestion of ^^^ albumen with artificial

gastric juice, subsequently isolated and purified by

repeated precipitation with alcohol."

Huizinga then went on to describe the constitution

of a liquid prepared from certain saline substances,

together with grape sugar, which could be used in

place of the turnip infusion, and which, with the

addition of peptone, also yielded swarms of Bacteria

when it was boiled and subsequently guarded from

contamination.

Burdon Sanderson, however, in some remarks

subsequently made (^Nature, October 2, 1873) con-

cerning Huizinga's experiments, said: "The
substitution of a soluble immediate principle for an

insoluble mixed product like cheese, and the use of

a definite solution of sugar and salts are not material

improvements. The question is not whether the

germinal matter of Bacteria is present, but whether

it is destroyed by the process of heating. Con-
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sequently, what is necessary is not to alter the liquid,

but to make the conditions of the experiment as

regards temperature as exact as possible. In this

respect Huizinga's experiment is a confirmation of

Bastian's and nothing more."

These remarks are perfectly just. From the

point of view of the interpretation to be given to the

experiments it was immaterial how many germs were

in the materials used, the real question was, as

Burdon Sanderson said, whether germs that were
present would be destroyed by the process of heat-

ing employed.

For the present, moreover, we are not con-

sidering the question of interpretation—we are

concerned solely with a question of fact, namely, was
Pasteur right or wrong in proclaiming that fluids

having an acid reaction, after being boiled for a few

minutes in glass vessels and subsequently guarded

from atmospheric contamination, would subsequently

show no signs of fermentation and reveal no living

things therein ? As regards this question of fact my
experiments have shown that he was wrong. In

addition to acid turnip infusions, such as were used

in some of my experiments with Burdon Sanderson,

I had obtained similar results with other acid fluids
;

and I shall have to record many new successful re-

sults in Chapters xix. and xx., with acid solutions

containing an ammoniacal and other salts.

The columns of Nature during 1873 contain much
discussion concerning these old experiments to which

we have been referring ; but as the letters and articles

there to be found had almost solely to do with the
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question of interpretation, it is unnecessary to speak of

them now—especially as most of the points referred

to will have to be dealt with in subsequent chapters,

and the question of interpretation must be delayed

till the evidence as a whole has been produced.

There is one point, however, to which it is worth

while to refer now. The amount of powdered cheese

contained in any one of my flasks was certainly not

more than two grains, and none of the particles was
bigger than a pin's head, yet some critics talked

of the protective influence of " lumps," and seemed

to think that some Bacteria contained within such

small particles of cheese could thereby escape the

destructive influence of heat. This was the view

brought forward after it had become perfectly certain

that swarms of living Bacteria did, in fact, appear

within my experimental vessels.

But this was a complete change of front on the

part of the critics. For in 1870, when Professor

Huxley, and others who adopted his view, disbelieved

in the presence of living Bacteria in my experimental

vessels, they were willing to believe that com-

paratively large masses of solid and semi-solid

matter could be effectively sterilised by a temperature

of 2 1
2° F. Thus Professor Huxley, in his presidential

address after referring to such experiments as mine

(but without mentioning names), made the following

plausible, but very misleading, statements :
" The

first reply that suggests itself is the probability that

there must be some error about these experiments,

because they are performed on an enormous scale
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every day with quite contrary results. Meat, fruits,

vegetables, the very materials of the most fermentable

and putrescible infusions, are preserved to the extent,

I suppose I may say, of thousands of tons every

year by a method which is a mere application of

Spallanzani's experiment. The matters to be pre-

served are well boiled in a tin case provided with a

small hole, and this hole is soldered up when all the

air in the case has been replaced by steam. By this

method they may be kept for years, without putre-

fying, fermenting, or getting mouldy."

A few days after this statement was made I

visited one of the largest establishments in London
in which meats and vegetables are preserved. For

this opportunity, and for many particulars com-

municated in a long conversation, with permission

to make the facts known, I was indebted to the

courtesy of Mr M'Call of Houndsditch.

A number of cases, enclosing the provisions,

instead of being simply heated to a temperature of

212° F., as most people would understand from what
Professor Huxley said, are first heated in a large

chloride of calcium bath (warmed by steam) and

raised to a temperature of 230° to 235° F. for more
than an hour and a half. The hole through which

the steam has been issuing is then closed with

solder. Of course the more or less solid contents of

the tins would require a longer time to be raised to

any given temperature than a fluid, but the pro-

bability is that during the latter half of this time the

temperature of the contents would be not far short

of 225° F., at least.
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I have ascertained that boihng a quantity

of fluid briskly in a vessel with a very narrow-

aperture very distinctly raises the boiling point.^

This I discovered by introducing a small maximum
registering thermometer into one of the experimental

retorts containing an ounce of a hay infusion, draw-

ing out its neck so as to leave only the usual narrow

orifice, and then boiling the fluid briskly for five

minutes. The thermometer was an accurate one

made specially for me by Hicks of Hatton Garden
;

its bulb was kept about three quarters of an inch

away from the glass, and yet at the end of five

minutes it was found to register 103 "33° C. (218° F.).

With a larger quantity of fluid, and the same small

orifice, especially when the heating was continued

over a prolonged period, as in the preparation of the

tinned meats and vegetables, the temperature of the

,

contents may well have been raised to about 225° F.

(io7r c).

Much would depend upon the smallness of the

aperture together with the bulk of the fluid, as

was shown by a letter in the same number of

Nature (July 10, 1873) from W. N. Hartley, who
said :

—

" I sealed a tube on to a flask of about 100 c.c.

capacity at right angles to the neck, and drew out

the end so as to form a capillary orifice. About 30

1 See Nature^ July lo, 1873. A similar elevation of temperature, to

a certain extent, would occur in experiments conducted after the

manner of Schwann ; or when flasks with long, narrow and bent necks,

or others whose necks were plugged with cotton wool, were employed,

as was done by Pasteur. The temperature in all these cases would

certainly be raised to a point over 212° F.
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c.c. of water were put into the flask and a thermo-

meter in an india-rubber cork was wired into the

neck. On boiHng the water the steam had not

issued more than half a minute, before the tempera-

ture was 102° C, and in less than ten minutes it had

reached 118° C. ; fearing the safety of the apparatus

I did not proceed further, nor indeed did I wish to

do more . . . that an aqueous solution may so easily

be raised to 118° C. is a point in chemical manipula-

tion which will be turned to advantage in the

laboratory."

It will be seen that the temperatures obtained

by W. N. Hartley were much higher than those

I have recorded, the difference probably depend-

ing upon the fact that the narrow orifices of

my retorts (which were about one line in diameter)

were not so small as that in his experimental

vessel.

But in the preservation of the meats, immediately

after the soldering, when the temperature of the

contents of the tin has probably been raised for some

time to at least 225° F., a higher pressure of steam is

turned on by which the bath is quickly raised to a

temperature of 258° to 260° F.—at which temperature

it is maintained for more than half-an-hour. The
tins being now firmly closed the temperature of their

contents would be gradually raised. While I was

in this establishment one of the baths was seen to

have reached a temperature of 263° F. Thus it

would seem that the contents of the tins are often

raised for a short time as a final process to 260° F.

(i26r c).
H
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All this is very different from the simple statement

that the provisions are or were " boiled," for a time

not specified. Professor Huxley, in the next place,

mentioned the possibility of failures, though he seemed

to attribute all these to " unskilfully closed tins."

But, on inquiry, I was told that the number of

unmistakable failures, even in the very best

establishments, is very appreciable, and although

many of these failures may be accounted for by

defective closure, Mr M'Call assured me that in a

certain number of cases, where not the smallest

defect could be detected in the tins, where the mode
of preparation was unexceptionable, and the pro-

visions originally of the best description, yet, for

some reason unknown to him, some of these tins

proved utter failures. Gas was found to be evolved

within, causing them to bulge at the extremities, and,

when opened, the meats either showed a central

decomposition of a most foetid character without

Mould, or else Mould might be found on some

portions of the surface. In other instances, however,

provisions would keep for ten years or more without

any appreciable change ; and I was informed that

turtle, and all the other soups which solidified when

cold, invariably remained good. This is only what

mio-ht be expected, especially as Huizinga found that

even too great a concentration of an ordinary infusion

rendered the fluid less prone to undergo fermentative

changes.

Further particulars on this subject may be found

in Nature (Sept. 29, 1870, p. 433). It has only

been referred to here because it has an important
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bearing upon our experiments, and because the

statements of Professor Huxley on the subject

were so inexpHcit as to be actually misleading, in

more ways than one, as I then endeavoured to

show.



CHAPTER XIII

WAS PASTEUR RIGHT IN HIS EXPLANATION OF THE

FACT THAT GUARDED NEUTRAL OR SLIGHTLY

ALKALINE INFUSIONS PREVIOUSLY HEATED TO

1
00° C. WILL OFTEN FERMENT?

GERHARDT says in his " Traite de Chimie

Organique" (t iv., 1856, p. 547): "Many
substances which alone or in the moist state are not

oxidised by the air, undergo such a process as soon

as they come into contact with an alkah. Thus

pure alcohol exposed to the air will remain pure

indefinitely, and without becoming acid ; but if a

little potash be added to it, it speedily absorbs

oxygen and becomes converted into vinegar and a

brown resinous substance. It is clear from this that

potash ought to favour certain fermentations, since

it favours the absorption of oxygen, and the presence

of this helps to develop ferments." He also says

{loc. cit., p. 556), "It is known that meats and

vegetable substances soaked in vinegar are preserved

from decomposition, at least for a certain time. . . .

The majority of acids produce the same effect as

vinegar."

Facts of this kind were doubtless well known

to Pasteur, and he could also easily have satisfied

himself concerning the relative amount of fermen-
116
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tative changes that would take place in otherwise

similar slightly alkaline or acid organic infusions,

even at ordinary temperatures and with more or less

free exposure to the air. Thus, to quote one of the

experiments made by myself many years ago,^

" Having prepared a pretty strong infusion of

mutton, about an ounce and a half was put, after

filtration, into each of two similar flasks. One

portion of the infusion was allowed to remain

neutral, while to the other three drops of strong

acetic acid were added, so as to make the whole

yield a faintly acid reaction to test paper. The two

flasks were then exposed side by side to a tempera-

ture of 75" to 80° F. during the day. In twenty-

four hours the neutral solution was clouded and

more or less opaque, while the portion which was

acid appeared perfectly unchanged. It was as clear

as ever ; and so it continued even to the end of

forty-eight hours, although by this time the neutral

solution was quite opaque and muddy-looking, with

a pellicle on its surface, and also some flocculent

deposit at the bottom of the flask." This fluid,

on examination, was found to be swarming with

Bacteria of difl'erent kinds.

Other experiments of a like kind, with different

neutral or slightly alkaline infusions, have also shown

that the addition of a few drops of acid causes the

fluid, after a given time, to contain a notably

smaller number of organisms than an equal bulk of

the unaltered solution ; and, conversely, having an

acid infusion whose productiveness is known, the

^ " The Beginnings of Life," vol. i. p. 387.
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number of organisms found in equal bulks under

similar conditions can almost always be very

notably increased in either one of them by the

mere addition of a few drops of liquor potassae,

so as to render that portion neutral or slightly

alkaline.

Such facts may, of course, be interpreted as an

indication that slight alkalinity or neutrality of the

fluids is more favourable than their acidity for the

occurrence of fermentative changes. Then, again,

it would seem quite possible that the difference

between acid and neutral solutions, as regards the

number of organisms to be found in them when they

have been simply exposed for a few days to ordinary

atmospheric temperatures, might be exaggerated

after such fluids had been subjected to the tempera-

ture at which water boils. It seems quite pos-

sible, that is, that high temperatures such as that of

loo^ C. might be more destructive to organic matter

when contained in acid infusions than when it exists

in neutral or slightly alkaline infusions. And other

comparative experiments which I have elsewhere

recorded^ show that this is so, and that the

differences in the amount of fermentative changes

to be seen at ordinary atmospheric temperatures are

very distinctly exaggerated when other portions

of the same neutral and acid fluids have been

previously boiled.

Now let us look at Pasteur's experiences with

acid and with neutral solutions, and at the degree

1 " The Beginnings of Life," vol. i. pp. 394-97-
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of thoroughness shown by him in seeking to inter-

pret the different resuUs met with.

The sub-title of his celebrated memoir of 1862

was, " Examen de la Doctrine des Generations

Spontanees," and the first twenty pages of it were

historical in nature, in which he discussed the ex-

periments of Needham and Spallanzani pretty fully,

and then those of Schwann and some other workers.

His own researches had led him to believe that

" ferments " were not albumenoid substances under-

going a peculiar though little-known change, as

Liebig had taught. According to Pasteur {loc. cit.,

p. 23) mere albumenoid substances, " n'etaient

jamais des ferments, mais I'aliment des ferments.

Les vrais ferments etaient des etres oro-anises."

But it wag impossible to establish this doctrine, or

to attempt to establish it, except by rebutting the

evidence which seemed to tell in favour of
*' spontaneous generation."

If, in such experiments as those he had been dis-

cussing, prepared after the manner of Needham and
Spallanzani or after that of Schwann, the heating

had been adequate and the subsequent protection

from contamination had been perfect ; and if, never-

theless, organisms appeared within the experimental

vessels, Pasteur ought to have known quite as well

as either of these other experimenters, that if it

could not be shown by direct experiments that the

previous heating had been inadequate to destroy all

pre-existing life within the vessels, the rival inter-

pretation must be admitted, as Spallanzani fully

recognised—namely, that there had been a de novo
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birth of living matter. Let us see, however, what
Pasteur's attitude was in the face of such an

eventuaUty.

The experiments of Schwann have been commonly
believed by many to have been altogether in favour

of the germ-theorists. Those who read his memoir
will find, however, that he did not fail to obtain

living organisms in all his experimental fluids.

When the fluids were such as were capable of under-

going the alcoholic fermentation on exposure to the

air, living organisms were, in spite of all precautions,

sometimes found within his flasks. Many other

observers have also found organisms in fluids from

hermetically sealed flasks which had been strictly

subjected to the conditions prescribed by Schwann
;

and that, not unfrequently, when the change which

the fluid had undergone was of a putrefactive rather

than of a fermentative character. Amoncr those

who have obtained these positive results may be

named Mantegazza, Pouchet, Joly, Musset, Wyman,
Hughes Bennett, Child, and others.

In spite of the fact that these investigators had

obtained living things in vessels prepared after the

manner of Schwann, when various infusions were

employed, Pasteur was quite inclined to believe for a

time, on the strength of his own experiments, that

Schwann's precautions, properly carried out, were

adequate to prevent the appearance of organisms in

the experimental fluids. His early investigations

were made with sweetened yeast-water, concerning
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which Pasteur said, " I have certainly had occasion

to repeat the experiment more than fifty times, and

in no case has this fluid, otherwise so changeable,

shown a vestige of organism when in the presence

of calcined air." But after a time Pasteur began to

employ an entirely different fluid, and in all these

experiments living organisms were invariably present

in the previously boiled liquids, just taken from

newly opened flasks. Formerly he used " I'eau de

levure sucree," but now he employed milk—a much
more complex and more highly nutritive fluid. After

further experiments with this and other neutral

fluids he came to the conclusion that livino- orofanisms

might be encountered in almost any suitable neutral

or slightly alkaline fluid, which had been submitted to

Schwann's conditions ; though, on the contrary, they

were not to be met with when the solutions employed

had an acid reaction.

Whatever fluids are used, if, after they have been

boiled and exposed to a given set of conditions,

organisms are not found, their absence would be

explicable in one or other of two ways. Either the

heat has proved destructive to all living things in

these solutions ; or else the particular conditions to

which the organic matter in these solutions has been

exposed have been such as to prevent the occurrence

of fermentative changes. Any person wishing to

ascertain the truth, and competent to deal with such

a subject, could not fail to see that he was bound to

give equal attention to each of these possibilities.

He would have no right to assume that the proba-

bilities were greater in favour of the one mode of
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explanation than in favour of the other. This it

was which had to be proved.

But when positive results were obtained with milk

or other neutral or slightly alkaline fluids, subjected

to Schwann's conditions, the case became altogether

different. The rule with regard to the inability of

living thinofs to survive in solutions which had been

raised to ioo° C. for a few minutes was absolute, so

far as it had gone, and had been founded on the best

of evidence to which Pasteur as well as others had

assented. No one therefore should have attempted

to set it aside, except upon evidence equally direct

and equally positive, though more extensive, than

that upon which the rule had been originally founded.

Let us now see what was the course adopted by

M. Pasteur. He explained the discrepancy between

his earlier and his later experiments by at once

assuminof that the Bacteria and Vibriones which

were ultimately found in the milk used in these later

experiments had been derived from " germs " of

such organisms which (contrary to the general rule

previously admitted) had been capable of resisting

the influence of the heat that caused the milk to boil.

No direct proof of this assumption was ever

attempted
;
yet Pasteur did not hesitate to proclaim

that the " germs " of such organisms were not

destroyed by the temperature of ioo° C. in neutral

or slightly alkaline fluids {loc. cit., pp. 58-66), and

that they were destroyed at 110° C, simply because

in dealing with such fluids, organisms were found

after they had been heated to the one temperature,
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and were not found after they had been heated to

the higher temperature.

He actually did not mention the other possibility,

or attempt to adduce any direct and positive

evidence in favour of his own view. Yet he might

be supposed to have known such facts as are

mentioned by Gerhardt in the quotation at the

commencement of this chapter ; and he could scarcely

fail to have seen that besides the mere difference in

temperature as a cause of the different results with the

same fluid, there was the possible influence of the

mere slight acidity or alkalinity of the fluids in

producing opposite results when the different fluids

were heated to 100° C. How easy would it have

been to test the reality of this latter difference in the

ways I have indicated, which show plainly enough
that neutral or slightly alkaline infusions are the

most favourable for the mere growth and develop-

ment of Bacteria, and therefore might be more
favourable also for Archebiosis. Origination and

growth are, after all, possibly not so very different.

But not a word was said by Pasteur on this

subject, nor was anything done by him to throw

light upon the question. In fact he absolutely

ignored the existence of one of the two possible

interpretations of the problem under discussion. To
come to the conclusion which he did, in face of

what was previously known and assented to by
himself as to the destructive influence of 100° C.

upon living matter immersed in fluids was, of

course, absolutely unwarrantable. It will perhaps

scarcely be credited by many that these particular
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investigations of M. Pasteur, which have had so

much influence, and which have been looked upon

by many as models of scientific method, should

really contain such fallacies.^

M. Pasteur, in fact, entered upon a controversy

concerning one of the most important questions in

the whole range of biological science ; and yet he

assumed the attitude of a man who is so convinced

beforehand of the error of those who are of an

opposite opinion that he would not abide by ordinary

rules ; he would not entertain the possibility of

the truth of the opinions opposed to his own.

Ambiguous evidence was explained as though it

were not ambiguous ; conclusions based upon good
evidence were attempted to be set aside in favour of

evidence which was comparatively worthless ; and

upon the strength of such illogical methods Pasteur

proclaimed that he had " mathematically demon-
strated " the truth of his own views. Still M.
Pasteur's reputation as an exact and brilliant

experimenter^—true enough in many other most

important researches—has been all-powerful, and

the majority of readers have been only too willing

to accept his conclusions on the origin-of-life

question—conclusions which he had always so

dogmatically proclaimed.

When Pasteur found that neutral or slightly

alkaline fluids were so often fertile under conditions

which left slightly acid fluids barren, before ignoring

' See p. 59 for what the writer in the Contemporary Review had to

say concerning this mode of reasoning.
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the other possible explanation and jumping to

the conclusion that the fertility of the former fluids

was due to the fact that Bacteria and Vibriones or

their germs were able, in such fluids, to resist the

destructive influence of 100° C, it is clear that what

ought to have been done was to institute direct

experiments upon this question of the thermal death-

point of the organisms in different fluids. But

Pasteur never even hinted at the desirability of

such a proceeding.

The reader will recollect, however, that I have

made decisive experiments on this question, which

have been recorded in Chapters ix. and x.

It was first shown that in an excellent saline nour-

ishing fluid, having a neutral reaction (pp. 60-62),

Bacteria and Vibriones and their germs were killed

by an exposure for about ten minutes to a tempera-

ture of 60° C.

I subsequently showed that they were killed at

about the same temperatures in organic infusions,

and that certainly in such infusions, the thermal

death-point never exceeded 70° C. ; and further

that no difference was met with when dealing with

an acid turnip infusion or with a neutral or slightly

alkaline hay infusion.

Similar temperatures were also shown to be fatal

to Torulai and Fungus spores generally.

There was then absolutely no foundation what-

ever for Pasteur's mere assumption that certain

supposed "germs" of Bacteria and Vibriones were

not killed in neutral or slightly alkaline fluids heated

to 100° C. For, seeing that the nourishing fluids
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employed were inoculated with a drop of a fluid in

which myriads of Bacteria were multiplying rapidly, it

must be supposed that they were multiplying in their

accustomed manner, as much by the known method

of fission as by any unknown and assumed mode of

reproduction—that is by "germs," whether visible

or invisible.

What has already been said would have con-

stituted a complete answer to Pasteur at the time

of the publication of his memoir, and for more than

ten years later ; because at that time the actual

spores of Bacilli were unknown, and what Pasteur

spoke of as "germs" of Bacteria and Vibriones

were mere hypothetical bodies which neither he nor

any one else had ever seen. At that period

-Bacteria and Vibriones were actually known to

multiply only by processes of fission.

Later, in 1875, the glistening and refractive

spores of Bacilli were discovered, and much has been

said concerning the powers possessed by these

bodies of resisting heat, especially after a previous

thorough desiccation. The extent of their powers

in this direction has been since most carefully tested

by me, as I have shown in Chapter x. But, for

very valid reasons, the nourishing fluid in which

their powers of resistance were tested had an acid

reaction, so that the results then arrived at cannot be

quoted here in reference to the question dealt with

in this chapter. Seeing, however, that Bacteria and

Vibriones, which have not undergone a previous

desiccation, have been shown to be killed (or at least
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to have had all their powers of growth and multipli-

cation stopped) by a temperature of 70 C, and that

this occurred just as certainly in neutral and slightly

alkaline as in acid solutions, as shown in Chapter ix.,

it seems probable that the death-point for desiccated

spores of these organisms might also not differ in

nourishing fluids having these different reactions.

Still this point has not been proved ; so that, in the

present state of knowledge, it must be admitted that,

so far, an absolutely complete answer has not been

given to what were unquestionably mere assump-

tions on the part of M. Pasteur.



CHAPTER XIV

NEW EXPERIMENTS IN REFERENCE TO THE FERTILITY

OF NEUTRAL ORGANIC SOLUTIONS HEATED TO

1 00° C.

IT was long considered that temperatures between
']']° and 95° F. (25° and 36° C.) were those most

favourable for promoting fermentations. The upper

limits of favourable temperature—what is now com-

monly spoken of as the " optimum temperature "

—

had not been carefully defined ; and this was the case

especially in regard to the occurrence of fermenta-

tion in fluids which had been boiled.^

In previous experiments of this class no one had,

so far as I am aware, designedly made use of a

generating temperature above 100° F. (38° C.) ; the

heat employed by some investigators has indeed

been only too frequently below ']']° F. {25° C).

Previous to the month of August 1875, I had myself

never purposely employed a generating temperature

above 100° F. ; but early in that month I discovered

that some boiled fluids which remained barren at a

temperature of 77°-86° F., would rapidly become

turbid and swarm with organisms if maintained at a

^ The first portions of this chapter are composed of extracts from

a paper contained in the Journal of the Linttcean Society (Zqol.),

No. T^, 1877, and No. 74, 1878.
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temperature of 115° F. (46° C). This important

fact was ascertained while experiments were being

made with hay-infusions and milk which had pre-

viously been subjected to destructive temperatures

considerably higher than 212° F.

Soon after, I discovered that an incubating or

generating temperature as high as 122° F. (50° C.)

may be had recourse to with advantage in dealing

with some fluids. Organic infusions which would
otherwise have remained barren and free from all

signs of fermentation, have under its influence

rapidly become corrupt and turbid. But although

the high temperature proves to be so favourable for

initiating chemical changes of a fermentative type in

some organic fluids, it must not be assumed that

it would be equally provocative in respect to all of

them. The conditions most favourable for the initia-

tion of such changes must be separately studied for

each kind of fluid with which experiments are being

made, since important specific differences may be
encountered. I have already, however, ascertained

that this high temperature of 122° F. (50° C.) is just

as favourable for the fermentation of milk and of

hay-, turnip-, and other vegetable infusions, as it is

for urine.

Shortly after my first announcement of this fact

in June 1876/ it was made known by Professor

Cohn^ that Dr Eidam had also discovered that

certain organisms would grow and multiply rapidly

at this high temperature in infusions of hay, though

1 Proceedings of the Royal Society, No. 172, p. 149.
2 Beitrdge zur Biologic der Pflanzen, Bd. 2, 1876, p. 268.

I
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it was one which proved fatal to Bacterium termo,

Torulce, and other forms.

The powerfully stimulating influence of a tem-

perature of 12 2° F. may also be easily seen in

another way. In addition to causing certain fluids

to ferment which woulji otherwise remain barren at

ordinary temperatures (77°-86° F.), it shows its

influence upon those fluids which will ferment

at these lower temperatures, by bringing about

such a change with much greater rapidity.

No fluid serves better for showing these relative

effects than urine which has been neutralised with

liquor potassse before the process of boiling, because,

though it will mostly ferment at the lower incu-

bating temperatures, it does so with difficulty and

only after many days. Thus, I have found that a

urine whose acidity required ten to twelve minims

of liquor potassse per ounce for neutralisation, would

(after such admixture and an ebullition of five

minutes' duration) not ferment under 12-15 days,

if kept at a temperature of 7o°-73° F., though such a

change would show itself in 15-30 hours at a tem-

perature of 122° F.

It was also in the summer of 1875 that I first

made these experiments to ascertain whether, as

with other acid fluids, the fermentability of urine

would be increased by previously neutralising it

with liquor potassae. This preliminary inquiry was

soon answered in the affirmative.

Then came the more important question as to

the cause or mode of production of such increased

fermentability. For two reasons urine seemed to
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me to be a fluid specially favourable for use in

attempting to throw light upon this problem :

—

first, because of the unanimity of experimenters as

to the fact that, when boiled in its acid state and

subsequently guarded, it invariably remained barren
;

and secondly, because the marked acidity of urine

would necessitate the use of liquor potassse in easily

measurable quantities, even when providing for the

neutralisation of such small portions of fluid as

are commonly employed in these experiments.

The unanimity of previous investigators as to

the barrenness of urine after it has been boiled

in its acid state and subsequently protected from

contamination, is remarkable, as may be seen from

the following quotations.

M. Pasteur, speaking of sweetened yeast-water and

of urine, saysM—"Nous avons reconnu que ces

liquides, portes a la temperature de I'ebullition a 100°

pendant deux ou trois minutes, puis exposes au con-

tact de I'air qui a subi la temperature rouge n'eprou-

vent aucune alteration." The latter of these fluids

may remain, he says, indefinitely, " sans eprouver

d'autre alteration qu'une oxydation lente de la

matiere albumineuse," and this even " a la tempera-

ture de 25° a 30°, temperature si favorable a la

putrefaction de I'urine."

Professor Lister^ calls forcible attention to ex-

periments with boiled urine in support of the germ

theory—its continued barrenness, when protected

1 Ann. de Chimie et de Phys., 1862, t. Ixiv., pp. 58 et 52.

2 Introductory Lecture, delivered in the University of Edinburgh,

1869, p. 19.



132 THE EVOLUTION OF LIFE

after boiling, being the invariable result in his hands.

In regard to any organisms and their germs which

it might contain, he says :

—
" It is necessary to

maintain the elevated temperature (212" F.) for

about five minutes to ensure complete destruction of

their vitality."

Dr (afterwards Sir) William Roberts^ mentions

healthy and diabetic urine as being amongst the

easiest fluids to sterilise, "three or four minutes'

boiling " sufficing, as he says, to bring about this

result and cause the liquid to remain permanently

barren, when kept at temperatures ranging between

60° and 90° F.

Professor TyndalP also, in 1875, found five

minutes' boiling invariably sufficient to sterilise

urine when it was subsequently exposed to a

"moteless air."

This unanimity as to the barrenness of urine after

a brief boiling in its acid state, together with the

fact that, like other fluids, its fermentability was

found to be increased after neutralisation by potash,

seemed, as I have said, to make it a fluid specially

favourable for trials as to the cause of the increased

fermentability. Two alternative views were, of

course, possible as to the cause of the fact in

question—(i) It might be due to the "survival of

g-erms " of some of the ferment-ororanisms in the

boiled neutral infusions, as Pasteur assumed ; or (2)

it misfht be due to the mere chemical influence of

potash in initiating and favouring the molecular

1 " Phil. Trans.," vol. clxiv. pt. 2, p. 461.

2 " Phil. Trans.," 1876, vol. clxvi. pt. i, p. 42.



IMPORTANT NEW EXPERIMENTS 133

changes leading to fermentation, as originally sug-

gested by Gerhardt—and among these changes a

process of life-origination.

This important question would seem to be so

capable of being settled by crucial experimentation

as to make it not a little remarkable that no such

attempt was ever made by M. Pasteur. Thus, the

fluids may be boiled in their acid state so as to kill

all their contained germs and organisms, and to

these fluids boiled liquor potassse may be added

in suitable quantity.^ The results of a number of

such experiments should be sufficiently decisive to

enable us to fix upon the true mode in which liquor

potassse operates in determining fermentation. If

the fluids to which boiled potash is added in suitable

quantity still remain barren, then such experimental

results would unquestionably favour the first inter-

pretation, viz., that given by M. Pasteur and adopted

by other germ-theorists. If, on the other hand, the

addition of the boiled liquor potassse, to the urine

which has been boiled in its acid state, suffices

to convert this previously pure fluid into a turbid

liquid teeming with ferment-organisms, then it would

be conclusively shown that the increased ferment-

ability of neutralised urine was ascribable to the

second cause, viz., to the chemical influence of the

liquor potassse in initiating fermentative changes,

whatever the precise nature of these early changes

may be.

^ A few experiments of this nature were first made by William

Roberts with hay-infusion ("Phil. Trans.," 1874, vol. clxiv. pt. 2,

p. 474).
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Some preliminary experiments were made with

an apparatus closely similar to that employed by

W. Roberts in the very few experiments which he

undertook with hay-infusion.

Small narrow-necked flasks

were taken capable of hold-

ing nearly 3 oz. of fluid

;

and each of these was about

half filled with a measured

amount of fresh unfiltered

urine, whose degree of acid-

ity had been previously as-

certained by carefully finding

the exact number of minims

of the liquor potassse of the

' British Pharmacopoeia
"

kvhich were needed to neutra-

lise one ounce of it.^ Ouan-

^ titles of liquor potassse, just

sufficient to neutralise the

amount of urine intended

for each flask, were then

enclosed in a number of

glass tubes, each of which

had a small bulb at one ex-

tremity, and a similar bulb near the other end, beyond

which it was drawn out as a thin prolongation and bent

at an obtuse angle. Each of these tubes was charged
^ It may be well to mention that the solution of potash above named

has a sp. gr. of 1058, and that it contains 27 grains of caustic potash

to the fluid-ounce of water (5.84 per cent.). What I have used has

always been purchased from Mr Martindale, of 10 New Cavendish

Street, London.

Fig. 2.

Plugged Flask with liquor-potassas

tube.
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by heating it in a flame before immersing its open

capillary extremity in the requisite quantity of liquor

potassse, contained in a minute porcelain capsule.

When the whole of the measured amount of alkali

had thus been forced into the glass tube, this was

inverted, and its capillary extremity was sealed in

the spirit-lamp flame. Its neck was then wrapped

round with . cotton-wool, and the tube itself was

inserted into one of the flasks in such a manner that

the cotton-wool might act as a plug thereto, while

the capillary extremity of the tube just touched the

bottom of the vessel.

The flasks being thus charged and arranged, the

urine in its altered acid state was boiled over a

flame for five minutes. When the fluid had cooled,

the tube was pressed down slightly so as to break

off its capillary extremity ; and immediately after-

wards a flame was applied to the external bulb of

the tube, so as to expand its contained air. The
measured amount of liquor potassse was thus ex-

pelled into the sterilised urine ; and the flask was
then placed in an incubator and maintained at a

temperature of 104°-! 13° F. (4o°-45° C.).^

Some tentative experiments were made in this

manner with fresh urine, whose specific gravity

varied from 1020 to 1025, and whose acidity was

such that 7-15 minims of liquor potassse per ounce

were required for neutralisation. In nearly every

case it was found that the urine became lighter-

coloured and turbid in two or three days. Other

1 No higher incubating-temperatures were employed in these par-

ticular experiments.
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experiments showed that a sHght excess of Hquor

potassae tended to retard or even prevent the occur-

rence of fermentation, though a quantity of liquor

potassse notably below that needed for neutralisation

was found to be efficacious in inducing it, and that,

too, almost as rapidly as if the neutralisation had

been complete. Even when the liquor potassae was

added in quantity only sufficient for half-neutralisa-

tion, fermentation still took place in many instances,

though in such cases the result was usually delayed

for five or six days.

In all these trials it was found that the fluid,

when turbid, was not foetid ; its odour was for the

most part scarcely at all altered, though at times it

was rather more marked than usual. The organisms

found in the fermenting urine were in all cases the

same, viz. Bacilli, either short, medium size, or in

the form of long threads (see Fig. 9)—and not the

totally different minute ferment thought by Pasteur

to be the invariable cause of the conversion,

in urine, of urea into ammonic carbonate and

water.^ Sometimes only the short unjointed rods

were found, though more frequently these were

mixed with varying amounts of longer Vibrio-like

bodies, and with threads such as I and others have

generally spoken of as Leptothrix.

The results of the foregoing preliminary experi-

ments induced me to seek other, stricter methods,

free from possible sources of fallacy which might be

thought to have influenced the results.

^ Attn, de Chim, et de Phys.^ t. Ixiv. (1862), p. 50.
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To get rid, therefore, of all doubt concerning

cotton-wool as a protective filter in such experi-

ments, I determined to repeat the urine and liquor-

potassse experiments with hermetically sealed vessels

from which air had been expelled by boiling, and to

take the further precaution of boiling the liquor-

potassse tubes before inserting them into the ex-

perimental vessels. It was safe at once to resort to

such a method, because I had previously ascertained

that urine neutralised before boiling would ferment

in such closed airless vessels almost, though not

quite, as freely as in flasks plugged with cotton-

wool. There was, therefore, nothing unduly

restrictive in the proposed conditions.

The new mode of procedure which I devised was

conducted as follows :—

•

In the first place a stock of liquor-potassse tubes

had to be prepared beforehand containing con-

venient amounts of liquor potassae. Some were

charged with 8, others with 10, and others with

12 or more minims. Those containing the same

quantity were kept together in separate batches

duly labelled and ready for use, as occasion re-

quired, according to the degree of acidity of the

urine with which experiment was to be made. In

order to ensure perfect accuracy in the measure-

ment of the liquor potassae, I made use of a small

burette-tube (Fig. 3) graduated to minims and fitted

with a stopcock, with which even half-minims could

be delivered with ease.

Having prepared a number of small glass tubes

closed at one end and drawn out at the other, I
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Fig. 3.

Burette-tube for measuring
liquor potassse.

proceed to charge them with

measured amounts of Hquor

potassae. As in the previous

experiments, the Hquor po-

tassae is deHvered into a Httle

porcelain pot ; and the open

capillary extremity of the

glass tube, previously well

heated in the flame of a

Bunsen's burner, is immersed

therein. When no more suit-

able rest is at hand the little

porcelain vessel may be placed

in the angle between two

bottles, so that the upper end

of the heated tube inclines

against them, partly for sup-

port and partly that it may
cool more quickly. In two

or three minutes, when the

whole of the liquor potassae

has been forced into the tube,

this is to be inverted, and its

shoulder, where it begins to

narrow (Fig. 4*), is heated in

a spirit-lamp flame, so that

the tube may be drawn out

P still more in this situation.

Subsequently the end of tube

is bent, in the manner shown

in the figure, and then her-

metically sealed.
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Thus prepared, the tube should be just half full

of liquor potassse. Its length will have been

diminished as

much as possible

;

and its tip is so

arranged that it

may be easily

broken off by a

slight mechanical

shock. These
last steps in the

preparation of

the liquor-
potassse tubes are ^
best carried out ^
with the aid of a ^
very small spirit-

lamp flame, as

they require to

be done slowly

and with care. On the one hand, it is necessary that

the bent part of the tube should be weak enough to

break readily when jerked against the wall of the ex-

perimental vessel in which it is afterwards enclosed
;

and, on the other, it must not be so much weakened as

to make it break too easily or be unable to bear the

internal strain which it will have to undergo during

its immersion in boiling water. This, in fact, is the

final stage in the preparation of the liquor-potassse

tubes. A number of them, after they have been

hermetically sealed, are to be placed in a suitable

vessel containing warm water ; and they are then to

Fig. 4.

Liquor-potassee tubes, with capsule and stand.



I40 THE EVOLUTION OF LIFE

be raised to the temperature of 212^ F. (100^ C.)

for the period fixed upon. As in these experiments

I soon found that the lono-er or shorter duration of

the period of boiling of the hquor-potassse tubes did

not appreciably influence the results, they were, for

the most part, boiled for 15'- 20' only—though in

many cases it was much longer, and on two or three

occasions they were boiled for two hours. Thus
prepared, the tubes were set aside in compartments

labelled according to the number of minims of liquor

potassse which they contained.

A stock of such tubes being ready to hand, ex-

periments may be made at any time. A suitable

specimen of fresh urine is to be taken, whose specific

gravity is to be ascertained and whose degree of

acidity is to be most carefully estimated. This

latter process I have carried out by taking exactly

one fluid-ounce of the urine and adding liquor

potassee to it, minim by minim, from the burette-

tube till the point of saturation is nearly reached.

Thereafter, the alkali has been added in half-minims

at a time, and tested between each addition with

litmus and turmeric paper so as to make quite sure

of the time of complete neutralisation.^ In order to

facilitate this part of the process, I have made use

^ It is not unimportant here to add that the test-papers which I have

used have been those sold by Mr Martindale, of lo New Cavendish

Street, London. They are similar to the papers used in the wards of

University-College Hospital. By careful trial I have ascertained that

g^ of a minim of liquor potassas in an ounce of distilled water may be

recognised by the previously reddened litmus paper, while j of a

minim in the same quantity of distilled water may be detected by the

yellow turmeric paper. The latter, though less delicate, gives the most

certain indication, especially when a drop of the fluid to be tested is
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of a lipped measure (Fig. 5) having a rather narrow

orifice, which can be easily covered by the thumb so

as to allow its contents to be

shaken for the thorough ad-

mixture of each quantity of

liquor potassae with the urine

to which it has been added.

These experiments have

hitherto been exclusively con-

ducted with my own urine

;

and I have generally found

that which was passed in the

morning before breakfast very

suitable for use. This fluid

has remained clear after boil-

ing, no phosphates being ^^
deposited during the process

; f
its acidity has usually been

neutralised by 10-14 minims

of liquor potassae per ounce
;

and its specific gravity has Lipped measure for admixture

varied from 1020 to 1025. of liquor potassae with urine.

When the acidity of the urine with which experi-

ment is to be made has thus been accurately deter-

mined, one can easily settle which set of the already

prepared liquor-potassse tubes it will be most con-

venient to employ. I have generally made use of

about one ounce of urine for each experiment ; and,

after numerous trials, have found it best in this

Fig. 5.

allowed to fall on dry turmeric paper. As the fluid is absorbed by this

partly bibulous paper, a faint brown circle is seen for a moment or

two when the fluid is very faintly alkaline.
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series not to provide liquor potassae sufficient to

exactly neutralise the quantity of fluid in the unboiled

state, but rather to provide it (in a closed tube)

to the extent of two-thirds or three-fourths of this

amount—the former being, on the whole, the safest

proportion.^

An illustration will make the mode of procedure,

at this stage, clearer. If the urine to be employed

has an acidity of 1 2 minims of liquor potassae to the

ounce, then i ounce of it should be placed in each

experimental vessel, and with it a liquor potassae

tube containing 8 minims of this fluid—inserted, with

its narrowed and bent extremity downwards. If, on

the other hand, the urine had an acidity of 8 minims

of liquor potassae to the ounce, and only tubes

containing this amount of liquor potassae were at

the time available for use, we should then have to

place in each experimental vessel i| ounce of the

urine and one of these 8-minim tubes.

When properly charged, the neck of the retort

or flask is to be heated and drawn out to a narrow

extremity ; after which the urine is gently boiled

for about two minutes over a flame, great care

being taken to avoid any waste of the fluid by

spurting. During the continuance of ebullition

the extremity of the vessel is hermetically sealed.

1 There is reason to believe that conditions other than the acidity

of the fluid may subsequently have to be taken into account, since,

although I may seem quite favourable for one specimen, in another

I of the amount of liquor potassae which would have been requisite

for full neutralisation before boiling appears to produce more speedy

results. Such, or analogous, differences may also have to be ascer-

tained in regard to the urine of different individuals.
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Some little practice is required to do this properly

—that is, on the one hand to seal the vessel while

there

is

outpouring

steam, and, on

i other hand, to

do it in such a way that there

is no inbending of glass at the

sealed extremity. Even a small

amount of such inbending is

very apt to lead to a minute

crack at the next stage. After

allowing an interval of f of a

minute for the sealed tip to cool

a little, the retort is inverted,

and in this position is at once

immersed in a can of boilinp-

water, prepared and ready to hand for this purpose.

Here the experimental vessel is left for 8 minutes

or more.

Three purposes are served by this double process

of heating. In the first place, it simplifies the ex-

perimental conditions to get rid of the air by boiling
;

secondly, the speedy closure of the vessel and the

prolongation of the heating in a can of boiling water

reduces the loss of fluid by boiling to a minimum
;

and thirdly, and principally, the inversion of the

experimental vessel during the second period of

heating brings those upper portions of the internal

surface, as well as the outer surface, of the liquor-

potassae tube (which, during the boiling over the

Fig. 6.

Sealed Retort containing

liquor-potassse tube.
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flame, may only have come into contact with steam

at 212° F.), into continuous contact with the heated

fluid itself.i

After the urine in the boiled retort has become

cool, the liquor potassae is allowed to mix therewith.

This is easily brought about by shaking the retort

or flask so as to jerk the bent capillary extremity of

the liquor-potassse tube against its internal surface.

The neck of the previously closed tube is thus

broken off, and the liquor-potassse itself, owing to

the comparative vacuum within the experimental

vessel, is forced out and mingles with the sterilised

acid urine.

If six to ten vessels have been prepared in this

way, charged from the same stock of urine, some one

or two of them may be selected for "control" ex-

periments. In these the liquor-potassse tubes are

not broken, while in all the others they are ; so that

when subsequently placed in the incubator together

at a temperature of 122° F., the two sets of retorts

constitute crucfial experiments capable of testing the

influence of liquor-potassse upon the sterilised urine.

What I have found to happen almost uniformly

in about two hundred of such experiments is this :

If suitable fluids are dealt with—that is, specimens

of fresh urine whose acidity before boiling does not

require less than 8 minims of liquor potassae per

ounce for neutralisation, and which do not deposit

phosphates on boiling—the urine in the control ex-

^ The whole of the internal surface of the liquor-potassse tube is

similarly exposed to the influence of its heated and caustic fluid during

these different modes of heating.
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periments remains clear and apparently unaltered

for an indefinite time ; while where the potash has

been allowed to operate upon the sterilised fluid, it

becomes turbid, lighter in colour, and swarms with

organisms, on an average, in from 18 to 36 hours.

The period, with different urines, is sometimes less

and sometimes more, though no great prolongation

occurs except through some alteration having been

brought about in the proper ratio that should exist

between the acidity of the boiled fluid and the

amount of liquor potassae which is added thereto.

Such delays in the occurrence of fermentation were

common enough during my earlier trials with this

method ; but now that I have more carefully studied

and ascertained some of their causes, I am generally

able to obviate them and ensure the supervention of

fermentation within two or three days.

This fermentation of urine to which liquor-potassae

is added after boiling, unquestionably takes place

more readily in a flask plugged with cotton-wool

than in a sealed retort from which air has been ex-

pelled by boiling. And that the slightly diminished

readiness of the fluid to ferment in the airless retort

is attributable to the absence of atmospheric oxygen,

seems to be confirmed by other experiments, in

which an increased readiness to change is exhibited

by urine and liquor potassee under the influence

of nascent or less-diluted oxygen, liberated by
electrolysis—the retorts in this case being provided

with platinum electrodes.

^

I have also in two experiments with closed flasks

^ Loc. cit. pp. 9-12.

K
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containing urine and ordinary atmospheric air ^ liber-

ated the Hquor potassse after the flask and its con-

Fig. 7.

Retort with platinum electrodes for the liberation of oxygen.

tents had been boiled, with the effect of finding fer-

mentation take place several hours earlier than it

did in other companion retorts whose contents were

similar, except for the fact that they contained no

atmospheric air. The liberation of the liquor

potassae from the tube with a capillary neck can only

be brought about with great difficulty in a retort

containing air ; and this was the reason of my giving

up the conditions more favourable to the fermenta-

tion of the boiled urine, in order to avail myself of

the facile and automatic emptying of the liquor-

potassse tube that takes place in the retort from

which air has been expelled by boiling.^

^ The flasks having been hermetically sealed while the urine was

cold.

^ The first account of these experiments is to be found in The Pro-

ceedings of the Royal Society, No. 172 (June 1876) ; and there is also
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The Question of the hiterpretation of these

Experiments.

All other experimenters had found, as I have

shown, that acid urine after it had been boiled for a

few minutes, and subsequently guarded from con-

tamination, remained barren ; and the explanation

given by all was that all living things had been killed

in the urine by the temperature of 100° C.

The fact, therefore, of the fermentation of some
specimens of boiled acid urine, with the appearance

of swarms of Bacteria therein, under the influence of

the high incubating temperature of 122° F. (50° C),

seems inexplicable except upon the supposition that

fermentation has, in these instances, been initiated

without the aid of living germs, and that the

organisms first appearing in such fluids have been

evolved therein.

If my further position {^Proceedings of Royal

Society, Nos. 143 and 145, 1873) that Bacteria

and their germs are killed in fluids, whether acid

or alkaline, at a temperature of 158' F. (70^ C.) is

correct, then the occurrence of fermentation in the

previously neutralised boiled urine would similarly

disprove the exclusive germ-theory of fermentation,

and establish the doctrine of Archebiosis. '^'/t

.

Any difficulty which might have been felt by -

others in accepting the above interpretation of the

a fuller account, with many more details, in the Journal of the

Linncean Society (Zool.), Nos. 73 and 74 (October 1877 and May 1878),

extracts from which I have been reproducing here.

V



148 THE EVOLUTION OF LIFE

results of these latter experiments—in face of the

view held by M. Pasteur that some Bacteria

germs are able, in neutral fluids, to survive an

exposure to a heat of ioo° C.—would seem to have

been fairly met and nullified by the experiments just

recorded and devised for the purpose, in which the

urine was boiled in the acid state so as to kill all

pre-existing living things, and was subsequently

fertilised by the addition of boiled liquor potassse.

If we look at these latter experiments from an

independent point of view, it will be found that this

fertilisation of a previously barren fluid by boiled

liquor potassse can only be explained by one or

other of three hypotheses :

—

1st Hypothesis. The boiled liquor potassce may act

as a fertilising agent because it contains living gei^ms.

However improbable this hypothesis may seem on

the face of it, looking to the caustic nature of the

fluid and its solvent action on protoplasm, it has

been actually disproved by many of the experiments

made during this investigation. These experiments

have shown that boiled liquor potassae will only act

as a fertilising agent when it is added in certain

definite proportions. If it acted as a germ-contain-

ing medium a single drop of it would act just like

a single drop of tap-water, and would suffice to

infect many ounces of the sterilised fluid. This,

however, is never the case ; the liquor potassae only

fertilises the barren wine when it is added in a pro-

portion which shall not be more than just sufficient

to neutralise the urine at the time when it is added.
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2nd Hypothesis. The fertilising agent may act

by reviving germs hitherto presttmed to have been

killed in the boiled acid urine. The acceptance of

this hypothesis would involve a general recantation

of the previously received conclusion that Bacteria

and their germs are killed by boiling them in acid

urine, as well as in other acid fluids, such as

Pasteur's sweetened yeast water, which remain

barren after boiling. But no such recantation of

opinion would be justifiable except it could be based

upon good, direct, and independent evidence.

The possibility, however, of accepting this second

hypothesis seems still further closed by the results

of experiments in which a slight excess of liquor

potassse was added to the boiled urine. Such fluids

invariably remained barren. Yet it can be easily

shown that the mere development and growth of

Bacteria germs may take place both quickly and

freely in boiled urine containing a very large excess

of liquor potassae.^ Thus, it would seem that this

agent, mixed with boiled urine, in quantity slightly

more than is needed for neutralisation, prevents the

generation of living matter therein, although, even

when in considerable excess, the same agent affords

no obstacle to the development, growth, and multi-

plication of germs purposely added thereto—the

mixture, in fact, proves a good "nourishing" liquid.

1 Thus, if one ounce of urine may be neutralised by ten minims
of liquor potassfe, we may add sixty minims of this fluid to one ounce
of the same boiled urine ; we may pour it into a corked phial which
has been washed with tap-water, so as to contaminate it, and within

forty-eight hours the fluid will swarm with Bacteria if it is kept at a
temperature of 122° F.
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^rd Hypothesis. The fertilising agent acts by

helping to initiate chemical changes of a fermentative

character in a fluid devoid of living organisms or

living germs. If fermentation occurs in the absence

of living units, then it must be occasioned by some

chemical reactions set up between the boiled liquor

potassse and the boiled urine ; and these experi-

ments would seem to prove that living matter may
and does originate independently during the progress

of fermentation in certain fluids—since, in the ex-

periments in question, swarms of Bacteria make
their appearance in the fluids employed.



CHAPTER XV

DISCUSSION WITH M. PASTEUR IN REFERENCE TO THE
EXPERIMENTS RECORDED IN THE LAST CHAPTER,

FOLLOWED BY THE APPOINTMENT OF A COM-

MISSION BY THE ACADEMY OF SCIENCES OF

PARIS

ON July ID, 1876, an abridged account of the

experiments recorded in the last chapter was

read before the Academy of Sciences of Paris ;

^

this brought a reply from M. Pasteur on the follow-

ing Monday, which was the beginning of a rather

long discussion between us. Before referring to

this discussion in some detail, it will be convenient

first to refer to two attempts, made shortly afterwards

in this country, to repeat my experiments.

In the month of December two communications

were sent to the Royal Society by Dr (afterwards Sir)

William Roberts and by Professor Tyndall, givino-

an account of what they considered to be repetitions

of my experiments. They, however, introduced two
modifications, one of which so altered the conditions

prescribed by me as to make it certain that their

experiments would lead, as they did, to negative

results.

1 A longer abstract of the original memoir had been published in

Nature on July 6th, 1876.
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The first modification was a super-heating of the

potash-tubes. To this I had no objection, and as it

will be fully referred to in my discussion with M.

Pasteur, nothing need be said on that subject now.

The second modification was this : liquor potassae

was added in quantity sufficient to "exactly

neutralise " the urine employed ; this was then

boiled over the flame for five minutes before the

neck of the flask was sealed. The flasks were
" then set aside in a warm place (70° to 80° F.)

for a fortnight," and Dr Roberts says, the liquor

potassae was not added " till the lapse of time had

satisfied me that it had been rendered permanently

barren." Professor Tyndall says that in these

respects " the procedure described by Dr Roberts

was accurately pursued " in his own experiments.

And he says at the close of his brief communication,

" The experiments have already extended to one

hundred and five instances, not one of which shows

the least countenance to the doctrine of spontaneous

generation." This I can readily believe, as the

methods adopted by these experimenters certainly

entailed the addition of liquor potassae considerably

in excess of the proper amount, and the method

adopted by them was also wrong in other ways.

In the first place there was no necessity to depart

from the ordinary method of the "control" experi-

ment—especially in dealing with such a fluid as

boiled acid urine which Dr Roberts and Professor

Tyndall, as well as other experimenters, had declared

to be invariably sterilised by a brief elevation to

100° C. (see p. 132).
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They began by providing liquor potassse sufficient

for accurately neutralising the quantity of urine em-

ployed (instead of three-fourths, of that amount, as I

advised) ; they boiled the urine over the flame for five

(rather than for one or two) minutes, a procedure which

was found by Pasteur, as well as by myself, to lead to a

decomposition of urea into ammonium carbonate
;

and then the closed flasks were kept for fourteen

days in a " warm place," during which time, as I have

fully shown elsewhere, a still further reduction in the

acidity of the urine would go on, though more slowly.

The combined effect of providing too much potash

in the first place, of diminishing the acidity of the

urine by the more prolonged heating over the flame,

and still further by keeping it in a warm place for a

fortnight before the liquor potassse was liberated

from the little tubes, was such as inevitably to lead

to the cause of failure to which I had specially called

attention. Though probably neither of these

experimenters knew about the lowering of the

acidity of the urine by the boiling and during its

subsequent stay in the warm place, full details on

this subject are to be found in my memoir in the

Journal of the Linnean Society (Zool.), vol. xiv. pp.

28-43, which was published in the following year

—

some extracts from which on this subject are to be

found in the next chapter (pp. 170-173).

Having shown the reason why Sir William

Roberts and Professor Tyndall failed in their

attempts to repeat my experiments, we may now
turn to what M. Pasteur had to say concerning them.
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Unlike the English investigators he did not

contest the facts. He said, "Je m'empresse de

declarer les experiences de M. le Dr Bastian sont,

en effet, tres exactes ; elles donneut le plus souvent

les resultats qu'il indique." It was in fact the

interpretation only which he then contested ; as he

declared that the experiments were of the same

order as some which he published in 1862. The
fact that the urine had been boiled by me in the acid

state being rendered nugatory, as Pasteur thought,

because the liquor potassse had not been heated to

110° C. ; and because, as he thought, this fluid

contained living germs. He begged me to repeat

the experiment, using only liquor potassae which had

been heated to 110° C.

On July 31 I replied that very many experiments

had shown me that the liquor potassse only fertilises

the urine when it is added in quantity not more

than sufficient to neutralise the quantity of urine

employed at the time of its addition. And I asked

him to give some direct proof that germs of Bacteria

could survive in a fluid so caustic as the liquor

potassae of the British Pharmacopeia, even for an

instant, when raised to a temperature of 100° C. As
he did not think the high incubating temperature of

50° C. was necessary, I replied that I considered it

of much importance, as under its influence fluids

would often ferment in a few days which at lower

incubating temperatures would have remained

sterile.

In his rejoinder on August 7, Pasteur again re-

peated that he did not contest my facts, still declar-
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Ing that my experiment was only a reproduction

under another form of what he had shown in 1862
;

and that we only differed as regards the interpreta-

tion to be given to it. He made no reply to my
request for direct evidence that germs could survive

in liquor potassae raised to 100° C, even for an

instant. In repeating my experiment he rendered

the urine " alkaline," as he said, by the addition of

solid potash. He concluded by telling the Academy
that my interpretation was " absolutely erroneous,"

while his was " incontestably established."

On August 2 1 I pointed out that in rendering the

urine " alkaline " by solid potash, he had probably

added too much, and thus had failed to obtain

fertility—as even a slight excess almost always

resulted in the urine remaining sterile. I reported

that I had used liquor-potassae tubes which had been

heated to 110° C, and that they were just as potent

as if they had only been heated to 100° C. The
fact, indeed, that too little or too much liquor

potassse heated only to 100° C. left the urine sterile

showed clearly enough that the liquor potassse was a

germless fluid. It was useless, therefore, further to

press M, Pasteur for direct proofs (which he did not

attempt to give) that such a fluid heated to 100° C.

could contain living germs.

^

No reply came for many months, but in the

1 In reference to Pasteur's contention that liquor potassas raised to

100° C. contains living germs The Lancet said in a leading article

(February 17, 1877) :
" It is difficult to conceive a weaker objection to

the above experiments than the assertion that living things can sur-

vive boiling in liquor potassas, a reagent which in the cold state

dissolves and destroys protoplasm."
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Comptes Re7idus for January 8, 1 877, a communication

appeared from MM. Pasteur and Joubert,^ saying

they had again gone carefully over the questions in

dispute, but that for the present they wished the

discussion limited to the one point, whether pure

solid potash or a potash solution heated to 100° C.

would fertilise boiled urine. They still implied that

living germs were contained in boiled liquor

potassse ; and in reference to his own negative

results, Pasteur said the question is limited to this

—

Have I passed the point of saturation (that is, made

the urine "alkaline"), and if so, is there any harm

in so doing ?

On January 22 I could only reiterate what I

had said before : that the use of solid potash was

altogether unnecessary ; that the solution could be

easily heated to no'' C. and would act just as if it

had been heated only to 100° C, when in suitable

quantity ; that there was absolutely no evidence of

the existence of living germs in liquor potassse heated

to 100" C.,2 and the proof of this was that too much

or too little potash contained in the tubes had no

fertilising effect. That was the proof of my position,

though he could produce no independent evidence

of a contrary kind. Of course, if the boiled liquor

potassse contained living germs, one or two drops

of it would act just like tap water and contaminate

1 The latter being Professor of Physics in the College Rollin. His

help was also acknowledged by Pasteur in his first reply to me.

2 Or in the air contained with the boiled potash tubes, which was

what Wm. Roberts suggested. It was this supposition that led him to

advise their superheating. He did not venture to suggest that germs

could survive in the boiling liquor potassae !
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any quantity of boiled urine, and a fortiori so would

an excess of the potash. So that my reply to his

questions was : Yes, you have probably added too

much potash (in making the urine "alkaline"), and

that is probably the cause of your uniform failure to

obtain fertility.

I concluded by saying further discussion seemed

useless, but that I was willing to repeat my experi-

ments before competent witnesses.

This drew from Pasteur a characteristic reply on

the following Monday ; so erroneous in regard to

fact, and dogmatic in tone, as to deserve reproduc-

tion in full, with italics as in the original note. It

runs as follows :

—

" M, le Dr Bastian, repondant a la Communication que j'ai

faite le 8 Janvier en collaboration avec M. Joubert, a adresse a

I'Academie, lundi dernier, une longue Note ou il s'est encore

applique, suivant moi, a eluder le point vif du debat. Dans

notre Communication du 8 Janvier, il y avait un mot d'une

signification capitale : c'etait celui de potasse pure. Or, chose

surprenante, dans la reponse de trois pages du Dr Bastian, il n'y

a pas meme une allusion a cette condition de purete, qui etait

tout.

"Jevais faire une nouvelle tentative pour ramener le savant

anglaise a ce criteriiim, auquel il ne saurait echapper, quoi qu'il

fasse.

" La discussion a ete soulevee par cette affirmation qui lui est

propre : Une solution de potasse bouillie fait naitre des bacteries a

50 degres dans Purine sterile, apres qiHon I'a ajoutee a celle-ci en

quantite voulue pour la netitralisatioti exacte.

" Voici ma reponse au savant professeur d'Anatomic patho-

logique de Londres :

"y<? mets au defi le Dr Bastian d''obte?iir, devant des juges com-

pitents, le resultat que je viens de rappeler, avec de Purine sterile, a

la seule condition que la solution de potasse qu'il etnploiera sera pure,
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c'esf-a-dire faite avec de Peau pure et de la potasse pure, Fune et

Vautre exemptes de matieres organiques. Si le Dr Bastian veut se

servir d'une solution de potasse impure^ je Fautorise encore parfaite-

ment a la prendre telle et quelconque, dans le pharmacopee anglaise

ou ailleurs, tres-diluee ou concentree, a la seule condition que cette

solution sera portee prealoblement a no degres pendant vingt

mimites ou a 130 degres pendant cinq minutest

" C'est assez clair, ce me semble, et M. Bastian me comprendra

cette fois."

On February 12 I replied that I had accepted

his challenge, and that I had repeated my exper-

ment first with liquor potassae heated in a tube to

110° C. for sixty minutes, and then with some which

had been raised to 110° C. for twenty hours, with

results similar to those that I had obtained when

the liquor potass^ tubes had been heated only to

100° C, and added in suitable quantity: that is to

say, in twenty-four to forty-eight hours the urine was

in full fermentation and swarmed with Bacteria.

M. Pasteur thanked me for accepting his challenge,

and begged the Academy to nominate a Commission

"to report upon the fact" which had been under

discussion between Dr Bastian and himself. And
in the next number of the Comptes Rendtts there

appeared an announcement that "MM. Dumas,

Milne Edwards, and Boussingault sont designes pour

constituer la Commission qui sera appelee a ex-

primer une opinion sur le fait que est en discussion

entre M. le Dr Bastian et M. Pasteur." I wrote to M.

Dumas on February 27, saying, " If a convenient

time can be arranged I shall be very happy to come

to Paris for three days, in order to perform my ex-

1 All italics as in the original.
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periments before the Commission which has been

nominated by the Academy."

Several letters subsequently passed between M.

Dumas and myself, which together with an account

of what actually occurred at the meeting of the

Commission are to be found in Nature for

August 2, 1877. I shall, therefore, only give here

an abbreviated account of this correspondence.

Owing to my not having received a letter sent by

M. Dumas on April 25 (which was subsequently

forwarded in duplicate), I actually heard nothing

from him till a letter was received dated May 5,

saying that M. Pasteur had already performed his

experiments before the Commission, that they were

ready to receive me at any time, and placing the

laboratory of the Ecole Normale at my service.

I subsequently wrote to say I should be unable to

come to Paris till " the third week in July when our

medical session will terminate," and wished again

to ascertain exactly what the programme of the

Commission was to be. Later, I learned that "the

Commission will allow to each of us the opportunity

of producing before it the facts upon which we found

our respective opinions." This indeed I regarded as

an essential condition of the inquiry. I then went

on to say, " If the Commission proposes to limit

itself to reporting upon this mere question of fact I

will freely submit to its decision. If, however, it

does not propose to restrict itself, and is empowered

to express an opinion upon the interpretation of the

fact attested, and on its bearings upon the ' Germ
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Theory of Fermentation ' or ' Spontaneous Genera-

tion,' then I must respectfully decline to take part

in this wider inquiry. ... I desire, therefore, to

obtain the assurance of the Commission that no new
experiments shall be demanded from either of us,

except with the full concurrence of M. Pasteur and

myself." After some delay, I was informed by M.
Dumas that the Commission also desired, " if

possible, only to occupy itself with the experiments

of M. Pasteur and myself on the subject of urine

treated with potash ; and that I had no reason to fear

the necessity of a long stay in Paris."

In reply to this I wrote again on July 6 to M.

Dumas acknowledging the receipt of his letter (on

June 29), but saying :
" I do not find in it any distinct

acceptance of the conditions mentioned in my letter

of May 24, as those upon which alone I should be

prepared to repeat my experiments before the Com-
mission, viz. : (

I
) the limitation of the report to the

question of fact mentioned, and (2) the assurance

that no new experiments shall be demanded from

either of us except with the full concurrence of both

M. Pasteur and myself." On the receipt of a

favourable reply I promised to be in Paris on the morn-

ing of Saturday, the 14th inst. In answer to this M.

Dumas wrote on the 12th as follows: "La Com-
mission de I'Academie des Sciences sera des le 15

a votre disposition. . . Elle est prete a vous entendre
;

mais elle desire, comme vous, que son examen soit

borne au point en discussion entre vous et M.

Pasteur. Ce serait seidement ate cas ou vous

desireriez aller phis loin qu'elle aurait a examiner,
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si le temps lui permet d'entraprendre davantage,

votre sejour etant tres court."

I felt it absolutely essential to have a distinct

understanding upon these points, because on the

mere question of fact I was so positive of being able

to reproduce my results, that I cared little as to the

constitution of the Commission. But to enter upon

the question of interpretation with a Commission so

constituted would have been quite a different matter.

More than one public comment had been made in

this country in regard to the constitution of the

Commission. Thus, in one of the annotations of

The Lancet for March lo the following opinions

were expressed :

—

" This challenge Dr Bastian has accepted, and all

who desire, in the interests of science, a solution of

the important question involved will watch with more

than curiosity the work of the commissioners. In

France three members of the Academy have been

selected to judge the case. These gentlemen are

all well known for the excellence of their labours,

but unfortunately hold particular views on the

subject they are asked to inquire into. The French

Academy's Commission consistsof M.Milne Edwards,

M. Dumas, and M. Boussingault, all more or

less strong supporters of M. Pasteur's view. The
objection to such a Commission is obvious ; anyone

who has worked in science knows how difficult it is

to arrive at the truth because of the pernicious

influence which preconceived opinions exercise. We
would respectfully suggest to the French Academy

that there are amongst its members men equally

L
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trustworthy as the above named, and who have

given a fair share of time, trouble, and genius to the

settlement of this dispute, and yet who do not accept

the views of the germ-theorists. Why not have

placed either M. Fremy or M. Trecul on the Com-
mission of the French Academy ? It would be well

in the interests of science rather than of individuals,

if one, at least, of the Commission were not a germ-

theorist."

An able writer in the Contemporary Review, for

April 1877, spoke in much the same terms. He
said :

—

" Those who remember the history of a former

French Commission on the very same subject, on

which two of the present commissioners served, may
be excused for doubting whether the guarantees for

a fair and open investigation which were refused to

MM. Pouchet, Joly, and Musset, will be conceded to

an Englishman who presumes to question the in-

fallibility of M. Pasteur. The three French savants

who then disputed Pasteur's views were placed under

such restrictions by the course of procedure laid

down for them by the commissioners that they

considered it due to their dignity to retire. The
abortive commission ended, as it is likely this will

end, in an ex parte \\^2x\vig. It is possible, indeed,

that MM. Dumas and Milne Edwards may think

that more generosity is due to a foreigner who

ventures to appear before a tribunal from which

every one who inclines to his side of the controversy

has been eliminated. If they are disposed to allow

of a fair programme, and to concede the guarantee
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of publicity, it is conceivable that an interesting in-

vestigation may result ; but if it is really desired to

obtain a verdict which will carry weight elsewhere

than in Paris, it would be well to add to the dis-

tinguished savants already nominated some who are

less committed to Pasteur's views and less dazzled

by the glamour of his great reputation. We doubt

much whether Pasteur would, even with the strongest

guarantees, consent to appear before three English

believers in spontaneous generation."

On the afternoon of July 15 I met the Commis-
sion, by arrangement, in the laboratory of M. Pasteur

at the Ecole Normale. The Commission was re-

presented only by MM. Dumas and Milne Edwards,

M. Boussingault having been compelled to withdraw

on account of a recent domestic affliction. M.

Pasteur was also present.

The first stage of our discussion was the announce-

ment to me by M. Milne Edwards of his objection

to the second condition mentioned in my letter of July

6, and of his determination to take no part in the

inquiry if I still adhered to this condition. M.
Dumas' letter of July 12, in the name of the Com-
mission, and on the faith of which I had come to

Paris, was thus at once set aside.

M. Milne Edwards contended that he could not

take part in any Academy Commission which had
not full power to vary the experiments at discretion

;

while I, on the other hand, contended that my stay in

Paris must, as I had said from the first, be limited

to a few days, and that I could not see my way.
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therefore, to consent to the initiation of new experi-

mental conditions. I further urged that the Com-
mission had been appointed to report upon a simple

question of fact, that M. Pasteur had challenged me
to obtain certain results, before " competent judges,"

that I had come to Paris to repeat certain well-defined

experiments before them, and that they were com-

missioned to express an opinion thereon and on the

experiments of M. Pasteur to the Academy of

Sciences.

A very long discussion ensued, but no satisfactory

conclusion was arrived at. In the course of this

discussion M. Pasteur thought fit to speak of " my
errors," and I had to remind him that the Commission

had been appointed to decide which of us was in

the right.

In the evening I wrote to M. Dumas saying

that after our conference in the afternoon, " I

had a long conversation with M. Pasteur, and am
going to his laboratory early to-morrow morning to

show him the mode in which I make my experi-

ments," adding, " I shall thus be enabled to learn

what precise alterations he would desire in order

that the experiments may be conducted in a manner

satisfactory to himself. Afterwards I trust it may

be more possible for me to meet the wishes of the

Commission in regard to the inquiry."

At an interview with M. Dumas on Monday,

July 1 6, I proposed a kind of compromise. The

proposition was that on the present occasion we

should have "the first element" of the inquiry as

defined by M. Dumas in his letter of April 25, viz.,
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that the opportunity should be given to M. Pasteur

and myself of repeating (without variation) the

actual experiments upon which we based our re-

spective opinions ; that I should then return to

London, and after the Commission had expressed

its opinion to M, Pasteur and to myself as to any

variation in the experimental conditions which they

might desire to institute, that I should return to Paris

to witness and to perform such modified experiments.

The names of MM. Fremy, Trecul, Robin, and

Wurtz had been mentioned by me as persons one

or other of whom I should like to be placed on the

Commission in succession to M. Boussingault. But,

at the meeting of the Academy that afternoon, it

was announced that M. van Tieghem had been

nominated to succeed M. Boussing-ault. This

gentleman being a former pupil and present

colleague of M. Pasteur, the Commission was still

left without a single member who could be con-

sidered as representing my views, or even as

holding a neutral position between me and M.
Pasteur.

The next day I received a note from M. van
Tieghem informing me that " the Commission of

the Academy would meet to-morrow, Wednesday,
at 8 A.M., in the laboratory of M. Pasteur," and
asking me to be present in order to commence with

the experiments under discussion.

I made all the necessary arrangements that after-

noon in M. Pasteur's laboratory for the performance

of my experiments, and the next morning at eight

o'clock M. Pasteur and I were at the appointed
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place. M. van Tieghem was also there ; and

shortly afterwards M. Milne Edwards arrived. He,

apparently, had again had no communication with

M. Dumas since the time of my interview with

him ; and when told, in reply to a question of his,

of the proposition which I had made to M. Dumas,

M. Milne Edwards very hastily expressed his dis-

approval of it, and at once, without listening further,

left the laboratory. He was followed by M. van

Tieghem. I remained, and after one hour M. van

Tieghem returned. He informed me that, having

waited in vain for the arrival of M. Dumas, M.

Milne Edwards had at last gone away.

I stayed in conversation with M. van Tieghem

for nearly an hour, in an upper room of M. Pasteur's

laboratory. When we came down, much to my
surprise, we learned from M. Pasteur that M.

Dumas had arrived, that he had been told of the

departure of M. Milne Edwards, and that he also

had then left, saying that the Commission was at an

end—but without in any way communicating either

with his colleague, M. van Tieghem, or with myself.

Thus began and ended the proceedings of this

remarkable Commission of the French Academy.



CHAPTER XVI

FINAL EXPERIMENTS ON THE CAUSE OF THE FERTILITY

OF BOILED NEUTRAL OR SLIGHTLY ALKALINE

ORGANIC SOLUTIONS

THE reason of the great interest aroused, both in

this country and in France, by the urine and

liquor potassae experiments was due to the fact that

it was regarded by most people as an absolutely

crucial experiment, seeing that all investigators

hitherto had found boiled acid urine to remain a

barren fluid, and that they were all equally unani-

mous in believing that the barrenness was due to

the fact that all Bacteria and their germs were

killed therein by a brief exposure to ioo° C.

Surprise was great, therefore, when, at this juncture,

the principal opponent of Pasteur's germ theory

said he could, with ease, cause life to appear, and

apparently by mere physico-chemical processes, in

this fluid hitherto universally believed to be germ-

less.

I have already shown how Sir William Roberts

and Professor Tyndall, purporting to repeat my ex-

periment, departed widely from my method (did, in

fact, what I had specially warned them against

doing), and as a consequence utterly failed to obtain

my results—by reason of adding an excessive
167
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amount of potash, when, at last, they broke their

potash tubes.

We now have to turn to Pasteur's method of

repeating this experiment, and must try to ascertain

why he also failed to obtain my results. The actual

cause for some little time proved to be a great

puzzle to me, though from the first, as will have

been seen from the discussion between us, as

recorded in the last chapter, I conjectured that

his uniformly negative results must have been due,

as with the experimenters above referred to, to the

fact of his having added potash in excess.

Some months later I made experiments which

soon began to throw a flood of light upon the

precise cause of his failure, as well as that of others,

in producing such results as I had obtained with

boiled urine and boiled liquor potassae.

I chanced to look one day at the fifth edition of

Fownes' " Manual of Chemistry," published in

1854, a book which I had used as a medical student,

and on p. 537 found the following statement con-

cerning urea, " It is not decomposed in the cold by

alkalies or by the hydrate of lime, but at a boiling-heat

it emits ammonia and forms a carbonate of the base."

And on the next page there is the statement that

" if urine in a recent state be long boiled it gives

off ammonia and carbonic acid from the same

source."

This fact, one must suppose, was unknown to

M. Pasteur, as in his memoir of 1862, in reference

to a little chaplet-like organism common in unboiled

fermenting urine, he said (^loc. cit., p. 52): "Je suis
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tresporte a croire que cette production constitue un

ferment organise, et qu'il n'y a jamais transformation

de I'uree en carbonate d'ammoniaque, sans la pre-

sence et la developpement de ce petit vegetal."

Still, he said, his experiments on the subject were

not quite finished, so that " je dois mettre quelque

reserve dans mon opinion." As I have shown,

however, in a| previous chapter (p. 136), the little

chaplet-like organism never appears in any experi-

ments with urine and potash ; the urine under these

conditions ferments with the development of myriads

of short or long Bacilli.

Again, on the same page, M. Pasteur speaking

of his experiments in which acid urine had been

boiled for a few minutes in a vessel to which calcined

air was admitted before the vessel was sealed, said

that if it were subsequently exposed in a stove to

the influence of a temperature of 25° to 30° C. {'J'J°-

86° F.), " il peut y sejourner indefiniment, sans

eprouve d'autre alteration qu'une oxydation lente de

la matiere albumineuse de I'urine ... la limpidite

de I'urine reste parfaite, meme apres dix-huit mois,

et il n'y apparait pas la plus petite, production ani-

male ou vegetale : elle conserve egalement son aciditd

et son odeur premiere." This latter statement, which

I have italicised, is absolutely erroneous, as I shall

presently show.

Pasteur subsequently became acquainted with the

fact which I have quoted from Fownes, and in one

of his replies to me (that of January 8), he said in a

note :
" It is not useless to say here that, contrary

to what is generally admitted, urea in aqueous solu-
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tion or in urine is decomposed at ioo° C, and even

at temperatures much lower. The product of de-

composition is carbonate of ammonia." What I had

learned from Fownes, together with this statement,

subsequently induced me to give special attention

to the subject ; and the result has been the full con-

firmation of Pasteur's recent, in opposition to his

earlier, impressions and statements. I doubt, indeed,

whether even he was aware of anything like the extent

to which such changes will go on in the incubator

—

and, as we have seen, they were absolutely unknown

to Sir William Roberts and Professor Tyndall. The
following paragraphs are reproduced from my
memoir in the Journal of the Linnean Society (pp.

38, 39) :—

" If a piece of moistened litmus paper is exposed

to the steam coming through the capillary orifice of

a retort in which ordinary acid urine is being boiled,

this paper is for a time rendered faintly blue, show-

ing that some ammonia is being given off, suffi-

cient to make the steam from acid urine faintly

alkaline."

" I then proceeded to make some quantitative

determinations as to the amount of diminution of

acidity occasioned by boiling urine both in an open

vessel and, under pressure, in a closed vessel—also

as to the subsequent rate of change when urine

was kept at different incubating temperatures. Ac-

cidents happened to some members of the first series

which I prepared with the view of throwing light

upon this subject. The results ascertained from
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three of the vessels which escaped were, however,

sufficiently significant to show the importance of the

inquiry :

—

Urine whose aci-

dity was exactly

neutralised by viiij

minims of liquor

potassDe to the

fluid-ounce.

Trealmenf.

1. One fluid -ounce of the

/acid urine was boiled in a

retort with a capillary neck
for 5' over the flame pretty

briskly, but without spurting-

away of fluid.

2. One fluid-ounce of same
boiled gently over flame 2',

and in can of water, after

sealing, for 18'.

3. One fluid-ounce of same
boiled gently over flame 2',

and in can of water, after

sealing, for 8'. Then placed

in incubator at 122° F. for

6 days.

Kesiill.

1. Fluid found to have
been diminished by 5iij.

Acidity of remainder neu-

tralised by V5 minims of

liquor potassje.

2. Fluid diminished by 3J.
Acidity of remainder neutra-

lised by vj minims of liquor

potassse.

3. Fluid diminished by o\
Acidity of remainder neutra-

lised by iv minims of liquor

potass?e.

" These estimations, confirmed as they have been

by others, soon let in a flood of light. The great

diminution of acidity caused by brisk boiling in an

open vessel with a capillary orifice was remarkable,

and is doubtless principally attributable to the fact

that under these conditions the temperature of the

fluid is easily raised three or four degrees of the

Centigrade scale above the boiling-point ^ ; the loss

of acidity involved in the diminution of the fluid itself

by the mere process of boiling,but without appreciable

spurting, was probably small. But when both

these conditions are obviated as much as possible

by gentle boiling over the flame for two minutes

only, and by continuing the exposure to heat, after

the vessel has been sealed, in a can of boiling water at

a definite temperature of 212° F., the total period of

heating may be four times as long without causing

^ See, on this subject, p. 1x2.
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as much diminution of acidity as was found in the

five minutes of brisk boiHng over the flame. Then,

again, it appears from the third experiment that the

transformation of urea into carbonate of ammonia

goes on at a very appreciable rate while the urine

is exposed in the incubator to a temperature of

122° F. (50° C).
" Experiments made with another specimen of

urine of very nearly the same acidity yielded the

following results. Exactly one fluid - ounce - was

used, as before, in each experiment.

C/;7W£ whose aci-

dity was exactly

neutralised by ix

minims of liquor

potassae to

fluid-ounce.

Treaimeitt.

1. Boiled gently for 5' over

flame, without spurting.

2. Boiled for 2' over flame,
' in can of water.

3. Boiled for 2' over flame,
' in can. Left at 122° F.

the
I

for three days.

4. Boiled for 2' over flame,

V in can.

5. Boiled for 2' over flame,

8' in can.

Result.

1. Diminished by 5i.

Acidity =m. vjg of liq. pot.

2. Diminished about 5^.
Acidity =m. vj of liq. pot.

3. Diminished by o\.

Acidity — m. iv of liq. pot.

4. Diminished by 5^.

Acidity =m. iv| liq. pot.

5. Diminished by 3^.

Acidity =m. iij liq. pot.

The urea in this specimen seemed to undergo

change rather more rapidly than in the last, as a

careful comparison of the figures will indicate.

Experiments 2, 4, 5 also seemed to show that the

change takes place most rapidly at first, and subse-

quently tends to diminish ; thus in No. 2, after ten

minutes' boiling, over flame and in can, we get a

diminution of acidity equivalent to m. iij of liquor

potass^ ; in No. 4, with an extra ten minutes' boil-

ing in the can the further diminution of acidity only

equals m. \\ of liquor potassse ; whilst in No. 5, with

a still further period of 20 minutes' boiling, the
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additional diminution of acidity was also equivalent

to m. i| of liquor potassse.

" Other experiments were made to ascertain

whether the change of urea into carbonate of

ammonia would still go on at lower incubating

temperatures ; and this time the urine was one of

much higher acidity and specific gravity. Exactly

one fluid - ounce was used, as before, in each

experiment.

Treaitneni.

I I. Boiled for 2' over flame,

in can.

Results.

1. Acidity — m. xviij of liq.

pot.

2. Acidity= m. xvj of liq.

pot.

3. Acidity = m. xiij of liq.

pot.

£/;'?«^whose aci-

dity was exactly I 2. Boiled for 2' over flame,

neutralised by / 8' in can. Left at 83° F.

m. xxj of liquor \ for 7 days.

potassce to the
3. Boiled for 2' over flame,

fluid-ounce. g- j^ ^^^_ L^ft ^t 122= jr_

\or 7 days.

" From this it appears that the diminution of acidity

goes on at a very appreciable rate, even at the compar-

atively low temperature of 83° F.^ Yet M. Pasteur

said (see p. 169) that no alteration in acidity would

be found even after an exposure to eighteen months

at that temperature !

"

We may turn now to the question of the exact

mode in which M. Pasteur attempted to reproduce

my experiment with boiled urine and super-heated

liquor potassae.

It will be noted from what M. Dumas said to me
in his letter of May 5 (p. 159), that the Commission

had allowed M. Pasteur to perform his experiments

^ The rate of change is distinctly greater with the higher incubating

temperature of 122° F., as I have shown by another table {loc. cit.,

p. 40).
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before them in my absence, which, I think, was a

wrong course. We each ought to have had an

opportunity of seeing the other's experiments per-

formed before the Commission ; and, evidently, the

intention was that M. Pasteur should be present

during the performance of mine.

As the Commission proved an abortive one, on

the following Monday (July 23, 1877) M. Pasteur

submitted a Note on the subject of his experiment

to the Academy. It concerned the actual experi-

ment which he had performed before the Commis-

sion, and is to be found in the Co^nptes Rendus

for the date mentioned. The experiment is a very

ingenious one, and but for one fatal defect, which I

shall presently indicate, ought to have led to a

successful reproduction of my results.

I will first describe the details of the experi-

ment, and we can then look to the question of

interpretation.

Some urine contained in a purified vessel is boiled

for ten minutes, and its degree of acidity is tested

when it has cooled.

A solution of potash sufficient for the neutralisation

of 1 5 cubic centimetres (half an ounce) of the urine

whose acidity has been tested is to be introduced into

one branch (A) of the double flamb^ tube, plugged

with cotton-wool, such as is shown in the figure.

The tube is to be hermetically sealed above the

cotton-wool plug, and the two narrow prolongations

being already sealed, the closed tube containing the

solution of potash is placed in a chloride of calcium

bath and heated to 110° C. for ten minutes. Then,



OTHER NEW EXPERIMENTS 175

after being allowed to cool, the chloride of calcium

is washed from its exterior.

The tube and the solution of potash, thus purified

by heat, is next to have its top cut off

above the plug of cotton-wool, and 1

7

or 18 cubic centimetres of the boiled

urine are to be aspirated into the

side of the tube (B) not containing

the potash.

The next directions are these :

—

Plunge the tube into boiling water

and heat it to 100° C. for ten minutes.

Allow the tube to cool.

Cause 15 centimetres of the urine

to pass into the branch (A) containing

the potash. Thus 2 to 3 cubic centi-

metres of the doubly boiled urine will

remain in B, in order to serve as a

control, and show that the urine has

been thoroughly sterilised by the tem-

perature to which it has been exposed, which,

Pasteur repeats, is always the case when dealing

with an acid urine.

Place the tube in a stove at 50" C.

Result : Never an appearance of micro-organisms.

Fig. 8.

Pasteur's double

tube.

M. Pasteur repeated to me in his laboratory, in

the presence of M, Chamberland, and even wrote

the statement on a piece of paper with a blue pencil,

that, operating as I did, organisms were "le plus

souvent" to be found in the fluids. He had, in fact,

twice said the same thing, in his replies to the Notes
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addressed by me to the Academy (see p. 154). But

in regard to his own experiment he says, " En
operant comme je vais le dire, I'experience reussit

cent fois sur cent, mille fois sur mille, c'est a dire que

janiais elle ne donne des bacteries." This boastful

statement I can readily believe, simply because it is

easy invariably to obtain negative results when a

wrong method is employed, though it is not always

possible to obtain invariably uniform results, even

with a right method, when dealing with a fluid

naturally subject to more or less variation.

According to his own statements, M. Pasteur fell

into the same error as that which caused Sir William

Roberts and Professor Tyndall invariably to find

their fluids barren : he also added potash in excess.

It is easy to make this plain.

He began by providing a solution of potash suffi-

cient to neutralise 1 5 cubic centimetres of urine which

had been boiled for ten minutes in an open vessel,

instead of an amount distinctly short of full neutralisa-

tion, as I had advised ; but he did not add the potash

till he had boiled the urine again for another 10

minutes, and this time in a vessel closed with a plug

of cotton-wool, which, as I have shown (p. 112), would

raise the boiling-point at least 2 ° or 3 ° C. , and thus cause

a very distinct lowering of the acidity of the urine.

The extent of the lowering of acidity thus produced

may be judged from the extent of lowering shown on

p. 171 to have been produced by boiling an ounce of

urine in a retort with a capillary neck for 5 minutes

only. The inevitable result of Pasteur's method

would have been so to diminish the acidity of the
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urine as to cause the potash to be in distinct excess

when added thereto—a cause of failure which, all

along, I had suggested to him.

Now let us turn to Pasteur's own interpretation

of what he considered to be his success and my
failure. It will be borne in mind that in the dis-

cussion which occurred between us, before the appoint-

ment of the Commission, he invariably attributed my
results to fertilisation of the boiled urine (which he

still believed to be germless) by the addition of boiled

liquor potassse. The living germs were there^ as

he intimated over and over again. And when he

twice declared that, operating as I did, it was a

fact that organisms were most frequently to be

found in the fluids, it looks as if he said so from

sheer confidence in the conclusions he had arrived

at in 1862. Thus, even boiled liquor potassse was,

to him, only like one of the fluids he had dealt with

at that time, and, as an alkaline fluid, had allowed

germs to survive therein at a heat of 100° C. A
truly amazing supposition.

But now, in his final proof of " my errors," as per-

formed before the Commission and published in the

Comptes RendzLS, not a word is said in favour of

this interpretation. A totally new point of view

is adopted. He says there were three possible

causes of error in my experiment: (i) not using a

sufficiently acid urine; (2) not heating the potash

sufficiently ; and (3) not having purified the vessels

employed, by previously super-heating them. He
said he was then satisfied that the first two causes

M
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of error had been "completely eliminated by me,"

but not the third, since I had not been accustomed

X.O Jlainb^ the vessels employed.

Now it is perfectly certain that this is a con-

dition never mentioned and never adopted by

Pasteur himself in his previous experiments, as

described in 1862. In the long interval that

elapsed between his reply to me on August 7, and

the resumption of the discussion in the following

January, he had, during part of this time, been

engaged in an investigation of the relative purity

of different waters, in conjunction with M. Joubert

;

an investigation which, as he says in a report of

its results in the Comptes Rejtdus for January 29,

was undertaken in consequence of the discussion

with me. In a note to this communication, he

refers to investigations on the same subject made by

Burdon Sanderson in 1871, who also found Bacteria

widely distributed in ordinary tap waters in London,

but disagreed with Pasteur as to the frequency

of germs of Bacteria in the air—notwithstanding all

that Pasteur had said in his memoir of 1862.

Sanderson, therefore, inclined to the conclusion

that the Bacteria which appear in experiments re-

lative to spontaneous generation come, as Pasteur

puts it,
" Exclusivement de I'eau ayant servi au

nettoyage des vases, quand on na les flambe pas."

Although Pasteur professed not to like these con-

clusions of Sanderson, the latter point seems to

have made a deep impression upon him, so that

he soon took a totally different view concerning

my experiments. He gave up the interpretation
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that I imported germs into the experimental fluids

in the boiled liquor potassse, and adopted the view

that the germs on the walls of a flask were not

really killed by contact with boiling acid fluids, so

that I (in my capacity of physician) had succeeded

in restoring animation to germs which he and all

other experimenters had hitherto believed to have

been hopelessly killed—all because they had pre-

viously never taken the precaution to flamhe the

vessels made use of in their experiments.^ He,
in fact, then said explicitly that the germs on the

walls of the vessel had not actually been killed in

the boiled acid fluids, thottgh theirpowers of multipli-

cation had been destroyed. This view was subse-

quently set forth at length by Pasteur's former

assistant, Ch. Chamberland (now sub-director of

the Pasteur Institute), in a Thesis which he pre-

sented in 1879 for his degree of Doctor of Science.

Speaking of boiled acid fluids, he says i^loc. cit. p.

89), " Mais ils ne sont pas steriles au vrai sens du mot,

^ The method now employed for this purpose was attained by
placing the vessels, plugged with cotton wool, in a gas-oven for a
time, at a temperature of i5o°-200° C. —that is, till the cotton wool
showed a faint brown tinge. That this had not previously been
deemed necessary is shown by what Chamberland, Pasteur's assistant

at the time, said in his Thesis (Joe. cit. 1879, P- 21). Speaking of some
experiments made about 1876, he says :

" Au moment 011 j'ai fait ces

experiences, je pensait qu'il sufifirait de faire bouillir de I'eau pendant
quelques minutes dans un appareil pour le priver completement de
germes ; maisj'ai decouvert depuis, comme je le montrerai plus loin,

qu'il existe certains organismes dont les germes ou spores peuvent
resister pendant plus d'un heure k la temperature de I'eau bouillante."

It was after this that he and M. Pasteur introduced the new procedure,

and insisted upon the necessity that vessels used in such experiments
should be '''"Jlambes."
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car ils peuvent encore renfermer des germes vivants

qui se developpent dans les liquides neutres."

I have given my interpretation of Pasteur's failure

in the repetition of my experiment, and it is of such a

kind as fully to account for his invariably obtaining

negative results. It remains, therefore, for me now to

adduce the various kinds of evidence which strongly

negative the interpretation he has given of the results

obtained by me. They are as follows :

—

I. Pasteur's explanation of my positive results

may be disproved by direct experiment in the

following manner, as I pointed out in my paper in

the Journal of the Linnean Society (p. 45).

We may take some turbid urine having a neutral

or faintly alkaline reaction, in which both Bacteria

and Bacilli are swarming and rapidly multiplying,

and we may compare the relative effects of heating

these organisms, with their reproductive particles, to

212° F. in a neutral and in an acid medium respec-

tively. Three series of experiments are needed :

—

I. Fert7ienl-organisms heated to

212° F. in an Acid Fluid.

Add one minim of the faintly alka-

line turbid fluid containing ferment-

organisms and their germs to one

ounce of urine whose acidity is more

than equivalent to 11]^ x of liquor po-

tassse.

Boil 2' over the flame, seal, and

then 8' in boiling water with the

flask or retort in an inverted position.

When cool place in incubator at

122° F.

Result.—No change in fluid.

2. Ferment-07-ganisms heated to

212° F. in a faintly Alkaline Fluid.

Place one minim of the same faintly

alkaline turbid fluid in a little tube,

draw out its neck and seal.

Immerse this tube in a vessel con-

taining one ounce of the same

specimen of urine.

Boil 2', seal, boil 8' in same man-

ner, and when the fluid is cool, break

the tube so as to liberate orga7tis7ns

which have bee7i heated in thei7- 011077

fai7itly alkaline 77iediu7n.

Place in incubator with others at

122° F.

Result.—^No change in fluid.
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3. Control Experiment.

Boil an ounce of the same acid urine in a small flask, whose neck is plugged

with cotton-wool, for 10'.

When fluid has cooled remove cotton-wool plug for an instant, and add one

minim of the same turbid fluid, but not previously heated. Quickly replace

cotton plug and transfer to incubator at 122° F.

Result.—Well-marked turbidity and swarms of Bacilli in 18-24 hours.

Such experiments have invariably given the same

resuhs. Twelve trials were made with a urine of

1030 sp. gr., whose acidity was equal to lo minims

of liquor potassse per ounce ; and nine trials were

made with a urine whose acidity equalled 25 minims

per ounce, and whose sp. gr. was 1030.

These experiments are of much interest, because

they show in a most decisive manner that the mere

neutrality or slight alkalinity of the medium in

which the ferment-organisms are heated is quite

unable to preserve them from the destructive

influence of a temperature of 100° C. They show
also that Bacilli, not previously boiled, develop and

multiply with great freedom even in a very highly

acid urine.

2. But the proof is also abundant and absolute

that Bacilli and their germs are capable of de-

veloping and multiplying after they have been

boiled in acid fluids. I need only refer to my
experiments with simple unaltered acid turnip

infusion in proof of this—experiments which have

been confirmed by Burdon Sanderson as well as by
Professor Huizinga. Taken at their lowest value,

such as my opponents favour, these experiments are

a direct disproof of the explanation given by Pasteur,

and later by Chamberland, of my urine and liquor
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potassse experiments. Abundant evidence of the

same kind will be found in later Chapters (xix. and

XX.) in which the results of my new experiments

with superheated saline solutions are detailed.

This is all that is needed for the direct disproof

of Pasteur's interpretation of my experiment, namely,

that the acid urine was not really sterilised by

boiling ; that it contained germs, previously supposed

to be dead, because such germs after boiling were no

longer able to develop and multiply in the acid fluid.

There are, however, a few collateral points remain-

ing over from this discussion concerning which

some words ought to be said. They are these :

(a) As to the assumed necessity for the experimental

vessel being superheated
;

[d) whether ordinary

liquor potassse is a germ-containing medium
;

[c)

whether healthy urine, fresh from the bladder,

guarded from contamination and in flamb^ vessels,

can be made to ferment ; and {d) the effects of adding

liquor potassae in different proportions to such urine.

a. Concerning the assumed necessity for Super-

heating the ExperiTnental Vessels.

Although, as I have said, there is no evidence that

Pasteur in his previous experiments (as recorded in

1862), ever considered it necessary that the vases

should be fiavibt^s, this precaution was considered

desirable by Burdon Sanderson in 1873, and in the

experiments which I performed with him in that

year, two of the third series (p. 105) were made
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with calcined retorts, and yielded just the same kind

of results as were obtained in other experiments in

which no such precaution was taken. It cannot be

said, moreover, that in these experiments the fertility

was really due to the turnip infusion containing

minute particles of cheese, since, as Professor

Huizinga showed, soluble peptones may take the

place of cheese without any alteration in the

experimental results.

Still, in all the experiments subsequently to be

referred to (except where, as we shall see, this pro-

cedure was purposely omitted in the first set to

which reference will be made) I have had recourse

to this additional precaution, and the walls of the

vessels have been thoroughly flamb^s before they

have been used. Yet all that Pasteur could say

pointing to such a necessity, as a result of his

examination of different waters made in concert

with M. Joubert, was that the ordinary water of a

laboratory (tap water), with which experimental

vessels are washed, contains Bacteria and their

germs ; and that vessels which were allowed sub-

sequently to drip and dry, might or would contain on

their walls some germs able to withstand a tempera-

ture of " 100° C, at least, when in the moist state

. . . during several minutes" {Coinptes Rendus,

July 23, 1877). This, indeed, was now supposed by

him to be the source of the germs, which, after they

had been boiled, were incapable of developing in an

acid medium ; and such germs were further supposed

by him to be spores of Bacilli.

How little this view is in accord with direct ex-
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periments destined to test the contaminating effect

of boiled tap-water may be gathered from the

following observations :

—

In 1883, when making other experiments of an

allied nature, I was anxious to ascertain what would

be the result of simply boiling tap water in ordinary

flasks previously cleaned therewith, before adding

pure urine and then exposing the vessels to a rather

high incubating temperature.

Urine of medium acidity was passed with all

proper precautions (as dictated by Pasteur) into one

of the flambe receivers used by Lister, and im-

mediately replugged.

Three flasks were two-thirds filled with tap water,

and the fluid in A was boiled for 5', in B for 10',

and in C for 15', so as to imitate the ordinary

conditions to which the walls of experimental vessels

had previously been subjected. When the contents

of each flask had been boiled for the time indicated

the boiling water was poured out, some pure urine

from the receiver was quickly introduced, and each

flask (having been plugged with carbolised cotton

wool) was put into an incubator at a temperature of

about 113° F.

The results were as follows : A in 3! days

became turbid, and was found to contain Micrococci

only ; B became turbid in 3I- days, and contained

Micrococci only; while C became turbid in 2| days

and also contained Micrococci only.

These results surprised me much, first at finding

Micrococci only, instead of Bacilli, and secondly, at

finding that the fluid in the flask in which water
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was boiled the longest became turbid the most

rapidly.

Again, I tried this experiment with another

specimen of urine (requiring eleven minims of liquor

potassse for the neutralisation of one ounce) which

was collected with every precaution in a fiambd

receiver and passed into two flasks in which tap

water had been boiled for 10'. They were placed

in an incubator at 112° F., when one of them

became turbid in twenty-four and the other in thirty-

six hours, and on examination each fluid was again

found to contain Micrococci only.

Two other flasks were treated in the same way,

and some of the same stock of urine was added

after the 10' boiling, but now super-heated liquor

potassae sufficient for neutralisation was added to

each flask before it was plugged and placed in the

incubator. The result was that both became turbid

in twenty hours, and in each flask there were found

multitudes of Micrococci, together with Streptococci

and Bacilli of all sizes up to long Leptothrix-like

threads.

In three more experiments with a different urine,

in which tap water was boiled in the flasks for ten

minutes before the pure urine was added (without

neutralisation). Micrococci only, again appeared in

21 to 36 hours.

From Pasteur's point of view these results were

very remarkable. The fluids, in order to accord

with his interpretation of my experiments, ought in

each case to have yielded Bacilli only, and neither he

nor any one else has ever attempted to show that
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Micrococci can survive an exposure in fluids to

1
00° C. Yet micrococci alone always appeared.

[d) Is ordifiary unboiled liqzwr potassce a germ-

containing medium f

That liquor potassse when boiled is not, as Pasteur

at first contended, a germ-containing medium, is

obvious from the fact which I mentioned to him,

that when in too small a quantity, and even when
in too large a quantity, it would not fertilise boiled

urine on addition thereto. He did not venture to

attempt any proof of his contention. He might

easily have recognised his error in regard to this,

by doing what I have since done, in order to show

that even liquor potassse which has not been heated

is a germ-free liquid.

I inoculated twelve flambe flasks, plugged with

cotton wool, containing sterile urine, which had been

in the incubator unchanged for six or seven days,^

each with a drop of liquor potassse taken with a

flambe pipette from a bottle which had been very

frequently opened and exposed to the air. These

flasks were placed in the incubator at a temperature

of 110° F., and after twenty-four hours the fluid in

one of them was found to be turbid with short

Bacilli, that in all the others being clear.- At the

1 They were some of the fluids in which I had been testing the

death-point of BacilH spores, as detailed in Chapter x.

2 Of course, there is always a slight risk of accidental contamina-

tions during the removal of a cotton wool plug, to permit of inoculation,

and its subsequent reintroduction, though I tried to guard against

this, as much as possible, by brushing round the top of the flask

between its edge and the plug with a camel hair pencil wet with a

20 per cent, solution of carbolic acid.
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end of the fourth day the fluids in the eleven flasks

were still quite clear. Using all precautions, each

flask was then inoculated with a single drop of urine

turbid with Bacilli, with the result that in seven of

the eleven flasks, the fluids became turbid with

Bacilli in from 20 to 36 hours. The fluids in the

other four flasks remained clear for another three

days, and were not kept longer under observation.

{c) Can piLve Urine in fiambe vessels, and guarded

fi'oni contamination, be made to ferment ?

In his Note of July 17, 1876, • M. Pasteur

attached little importance to the high incubating

temperatures which I have employed ; moreover, he

said that potash in proper proportions may be added

even to unboiled urine, when passed with all proper

precautions into a super-heated vessel, without causing

it to ferment. And in this Note of January 8, 1877,

written in collaboration with M. Joubert, he said the

discussion concerns a fact, viz., "whether urine which

has been boiled so as to be sterile, and better still

fresh urine, unaltered, as it passes from the bladder,

will after neutralisation by potash, and at a tempera-

ture of 50° C, produce organisms." Pasteur con-

tended that no fermentation would occur, so long

as the potash added was pure.

During the year 1883, when I took up the

question of the power of resisting heat possessed by

spores of Bacilli which had been in a state of

desiccation for over five years, in reply to Professor

Tyndall's assumptions, I also performed a very
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large number of experiments with fresh urine, passed

into superheated vessels with all the precautions

dictated by Pasteur and by Lister. These experi-

ments dealt with two points in particular : first the

effects of mere high incubating temperatures upon

such a fluid (which we are to consider in this

section) ; and, secondly, the effects of high tempera-

tures when combined with different proportions of

liquor potassse, which will be referred to in the next

section.

I found that pure urine, passed with all precau-

tions into dLJiambi vessel and protected from con-

tamination, would, as Pasteur and Lister have

said, remain pure if kept at a low temperature of

about 70° F. (21° C).

But if, in other pure vessels, some of this urine

was put into an incubator maintained at a tempera-

ture of 113° F. (45° C), I have over and over again

found that the urine in such vessels would become

turbid within three days, and on examination

would be found to contain myriads of Micrococci

only.

On the other hand, pure urine in pure vessels if

maintained at an incubating temperature of about

116" F. {47° C.) would not yield Micrococci.

The fluids would under these conditions, either

remain unchanged, or, the acidity of the urine being

low, they would become turbid and swarm with

Bacilli. For the appearance of micrococci in urines

to which no liquor potassse has been added, the

fluids must be exposed to the lower incubating

temperature.
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{d) The Effect of adding liquor potasses, in different

proportions and with different Inciibati?ig Tetn-

peratitres, to pure tirjne in flambd vessels.

On very many occasions pure urine passed into a

flamb^ vessel, if fully or two-thirds neutralised

with superheated liquor potassai, and subsequently

exposed to temperatures ranging from ii6°-i22° F.

(44°-50° C), was found to become turbid more rapidly,

that is, in seventeen to twenty-four hours and, on

examination, to show no Micrococci but swarms of

Bacilli.

On the other hand, if lesser amounts of liquor

potassae were used, sufficient for half-neutralisation,

or a little less or more, together with incubating

temperatures between 117° and 116° F. (44°-47'' C.)

the fluids would generally yield a mixture of

Micrococci, Streptococci, and Staphylococci, together

with Bacilli varying much in size.

I thus found that using pure urine in flamb^
vessels, without or with liquor potassae in different

proportions, and at different incubating tempera-

tures, I could, almost at will, procure Micrococci

alone. Bacilli alone, or a mixture of these with Strep-

tococci more especially.

In all the experiments where liquor potassae was

used, I had—in order to eliminate all objections,

however futile—previously heated it in tubes to

105°-! 20° C. for one hour, as I had formerly done

to meet unfounded objections made by Pasteur in

regard to the original experiments.



CHAPTER XVII

WAS PASTEUR RIGHT IN SAYING THAT NEUTRAL, OR
SLIGHTLY ALKALINE, GUARDED ORGANIC FLUIDS

PREVIOUSLY EXPOSED TO II o" C. (230'' F.) ALWAYS

REMAIN BARREN ?

THERE can be no doubt that many organic fluids

which have been heated only a few degrees

above the boiHng-point, and which are subsequently

kept at a temperature no higher than 86° F. (30' C),

will remain barren.^

It is well-known that neutral or faintly alkaline

fluids will ferment after exposure to this higher

temperature better than acid fluids. If, as I have

endeavoured to prove, the former fluids have, owing

to their constitution, a greater tendency to ferment

than acid fluids, this is only what might have been

expected. It stands to reason that if heat beyond

a certain intensity tends to stifle the fermentable

qualities of organic liquids, a lower degree of heat

would extinguish these qualities in the less ferment-

able fluids than would suffice to annul them in the

more fermentable fluids. If fermentability is a

quality of organic fluids inseparable from, or solely

dependent upon, the presence of certain living

1 This chapter is a reproduction, with only slight additions and a

few verbal alterations, of one section of my Memoir in \.\\& Journal of

the Linnean Society (Zool.), vol. xiv., No. 74, 1878.
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organisms, then the fact of fermentability persisting

in an organic Hquid after it had been heated to

105° C. (221° F.), would, of course, have been a

proof that Hving organisms in some form could

withstand the influence of such a temperature.

M. Pasteur found that specimens of milk, and of

sweetened yeast-water neutralised by carbonate of

lime, would, in fact, often ferment after they had

been heated to 105° C. ; and he very soon arrived

at the conclusion that this was owing to the survival

of Bacteria and Vibrio germs in these fluids. Find-

ing, however, that in his hands even such fluids

were invariably sterilised after they had been ex-

posed for a few minutes to a temperature of 110° C.

(230° F.), M. Pasteur proclaimed that such a degree

of heat was certainly destructive of all germs in

fluids—even in those above mentioned where, as he

thought, they most stubbornly resisted the destruc-

tive influence of heat.

. The experiments already recorded have shown

that Pasteur's explanation of the cause of the fer-

mentation of the neutral fluids after boiling and after

heating them to 105° C, is without sufficient founda-

tion in fact—that it is, in short, directly negatived

by strict crucial experiments.

I now have to bring forward additional evidence

tending to show that the induction of this same dis-

tinguished investigator as to the invariable barren-

ness of neutral liquids after they have been heated to

110° C, is also one which is overthrown by a wider

experience. By having resort to a simple physical

agency (viz., a higher incubating-temperature than
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that which M. Pasteur formerly made use of), it can

be easily shown that many properly prepared fluids

may be made to ferment after they have been ex-

posed even to iio° C. and upwards.

This final evidence is, of course, not strictly

needed for the overthrow of the foundations on

which M. Pasteur based his germ-theory ; what has

already been brought forward concerning the fertility

of boiled acid fluids, and the cause of the fertility

of boiled neutral fluids, being of itself abundantly

NJ sufficient for their overthrow.

This evidence, which I have already given as to

the cause of the fertility of boiled neutral fluids, also

o-oes far to undermine the foundations of the belief

of other investigators as to the ''survival of germs"

in any previously boiled fluids. These beliefs all take

their origin either from Pasteur's supposed proof of

such a phenomenon, or from facts of a similar order

to that by which he was supposed to have demon-

strated it. The process is essentially this, and it has

been often repeated : ist, a deeply rooted conviction

that living matter cannot arise de novo ; 2nd, the

finding of living matter in fluids which have been

boiled or further superheated. Such a combination

of fact and conviction leads to the facile conclusion

that germs have survived the boiling, quite irrespec-

tive of the duration of the exposure. And, similarly,

the above-mentioned conviction continuing to be

firmly rooted, the finding of living organisms in

guarded fluids which have been heated to 230° F.

may be immediately explained in the same way :
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"survival of germs" will be again the verdict, in

spite of previous statements to the contrary, and

independently of all direct evidence. Is fertility

attained again, after another alleged death-point has

been passed ? Do fluids which have been heated

to 248° F. ferment ? First the facts are denied

;

and when these are established, again comes the

revocation, without any independent warrant, of

previous beliefs, and the old cry " survival of germs.''

To those who are wholly inspired by the convic-

tion that a de novo origin of living matter is

impossible, the following statements of experimental

results will doubtless carry with them no significance,

other than that above indicated. Still, for the sake

of those who are not so imbued, it will be worth

while to cite them. The tubes employed in these

experiments were all thoroughly ^^;/2<^/i-, during their

preparation, and were used shortly afterwards.

Urine, almost neutralised with liquor potassse,

which has been heated to 212° F. for one to three

hours in closed airless flasks, will not unfrequently

ferment in two or three days, when kept at a

temperature of 122° F. A very little more or less

of alkali, however, will, with some urines, suffice to

prevent the occurrence of this change.

In sealed flasks, half-full of neutralised urine and

half-full of ordinary air, which have been heated in a

calcium-chloride bath to 230° F. (110" C.) for 5' to 2i^'

fermentation takes place much more rarely. Still I

have seen it occur fourteen times out of fifty trials

—

showing itself in the course of one to three days.

N
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In seven of these cases the fluids did not become
generally turbid, though one or more tufts of Bacilli

appeared in each : these were all specimens of the

same urine which had been heated to 230° F. for 5

minutes. In the other seven instances there was

very slight general turbidity, and the vessels had

been heated to 230° F, for 30 minutes.

In twelve trials with faintly acid beer-wort, partly

of 1060 specific gravity and partly diluted to 1030,

heated in tubes with air to 230° F. for 10 minutes,

fermentation did not once occur ; though, as in the

experiments with urine, the fluids were, after this

superheating, kept for many days at a temperature

of 122° F.

The results with hay-\v\i\xs\ox\., acid,^ neutral, and

faintly alkaline, having a specific gravity of about

1005, have been much more successful. In each

case about half an ounce of the fluid was used, half-

filling a tube which was sealed when cold ; so that

above the fluid there was ordinary air. After heating

the tubes in the calcium bath, some of them were

exposed in the incubator to temperatures between

io4°-ii3" F. (40°- 45° C), and others to a tempera-

ture of 122° F.

In fourteen cases the infusions were heated to

230° F. for five minutes ; and in every one of

these tubes organisms showed themselves within

36 hours. In twenty-one cases they were heated to

248° F. (120° C.) for 30 minutes; and in five of

these latter trials (all with the same hay-infusion)

^ Only three times in this state. In the other cases Hquor potassas

was added so as to make it neutral or slightly alkaline.
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no fermentation subsequently occurred. In the other

sixteen trials more or less distinct fermentation

supervened—though in some the signs of change

before opening the vessels were only slight. The
characters of the organisms presented by these

different fluids will be referred to in the next section.

On another occasion, five tubes were charged

with a neutralised hay-infusion, and after the tubes

were sealed they were heated to 257° F. (125° C.)

for .thirty minutes. They were exposed to an

incubating temperature of 110° to 115° F., and on

the fourth day the fluids in each were found to be

slightly turbid. On examination they showed an

abundance of Torulse mixed with Bacteria.

Six trials with neutralised po^ai(o-in[usion, having

a specific gravity of loii, yielded no evidence of

fermentation. Twice infusions were heated to

248° F. (120° C), and four times to 230° F. (iio°C.)

for 30 minutes.

Sixteen trials with a neutral cucumder-infus'ion,

having a specific gravity of 1003, heated to tempera-

tures varying from 22i°-248° F. (105°- 120° C.)for 20

minutes were also attended by uniformly negative

results.

But in forty experiments with good cow's mtlk

heated in closed tubes half full of air to 230° F.

(110° C.) for 5-60 minutes, and also in five other

experiments in which the milk was heated to 240'' F.

(i i5°'5 C.) for 10 minutes, fermentation more or less

marked occurred in each case in from 2-10 days.

The great variation in these results, especially with
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different fluids similarly heated, makes it seem

almost impossible to account for them solely by

reference to the death-point of germs, as some will

doubtless attempt to do. Why should this death-

point be so different in different fluids ?

Then, again, these new experiments, like those I

have previously recorded, will be found entirely to

contradict Professor Cohn's position, that Bacilli are

the only organisms which appear when boiled or

superheated fluids ferment. If it is true, as he says,

that other organisms are all killed by temperatures

below 212° F. {ioo° C), when they are immersed in

fluids, how are germ-theorists able consistently to

explain the appearance, under such conditions, of

swarms of Micrococci, as detailed in the last chapter

and now again to be referred to ; and of Torulse, some

of which have been enabled to develop typical and

well-formed mycelia ? The conditions and modes

under which these different organisms have appeared

in the present series of experiments are now to be

described.

Signs of Fermentation in the Sttperheated Fhdds
employed in the foregoing Experiments.

Urine.—The turbidity caused by precipitated

phosphates will never, by the experienced worker,

be confounded with that due to fermentation. He
should, indeed, as far as possible, and except for

special purposes, avoid dealing with urines which are

prone to manifest this phenomenon. When the

cloudiness from this cause is very slight, it some-
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times disappears as the urine grows cool ; but when
it is considerable, a thick white deposit gradually falls,

leaving the supernatant fluid quite clear.

All such deposits of phosphates, however, will

soon subside after the vessel has been placed in the

incubator, so that after twelve hours or less we have

to deal with a clear supernatant fluid in which any

subsequent turbidity may be easily discriminated.

In airless vessels, even the first haziness of the fluid

seems to show itself uniformly throughout the liquid,

and it is always accompanied by a slight diminution

of colour. The urine becomes of an appreciably

lighter shade. When the fermentation is vigorous,

the haziness of the fluid rapidly passes over to a well-

marked turbidity, which will generally continue for a

long time, and without the formation of the slightest

scum or pellicle on its surface.

If the fermentation is less vigorous, it may
manifest itself in one or other of three ways :

—

(a) It may never pass beyond a faint haziness of the

fluid, even where the vessel is kept in the incubator

for a week or two;^ and in such cases the organisms

are very scarce, not more than one or two being

discoverable in any one field of the microscope,^ A
^ It is possible for an inexperienced observer to confound this

condition with another in which the fluid remains quite unaltered, but

in which the glass is attacked and made dim by the fluid. This occurs

occasionally when some urines are kept long at a temperature of 122°

F. ; and it is especially apt to occur if the temperature should rise a
few degrees above this point.

^ A similar scantiness of organisms is also often met with in the

blood of certain animals suffering from splenic fever, though in others

they may swarm abundantly. {Quart. Journ. of Micros. Science, Jan.

1877, p. 87.)
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change of this kind is also often late in manifesting

itself.

(b) The fluid itself may remain perfectly clear
;

but at the sides of the vessel, or on some phosphatic

sediment at the bottom, one, two, three, or more

little whitish tufts may show themselves, which

continue to increase in size for two or three days,

the fluid itself still remaining perfectly clear. These

are not tufts of some fungus, as might be thought

from their appearance, but are tangled masses of

long Bacilli-filaments.^

[c) In other cases the fluid itself may remain clear,

and no tufts may show themselves ; but slowly, and

after many days, more or less of a flocculent

sediment accumulates at the bottom of the vessel in

which organisms are to be found. This latter kind of

change has not been much considered in this paper ;

^

it is one which has only shown itself on a few occa-

sions, and is, moreover, one which, judging from my
^ Sometimes they have more the appearance of what Professor Cohn

describes as Vibrio serpens (" Beit, zur Biolog. der Pflanz.,'"' Bd. i. Heft 2,

Taf. iii. fig. 18). But I entirely disbeheve in the propriety of regarding

such differences as he distinguishes between these forms as having any

specific or even generic value. Dr Warming, of Copenhagen, says :

" Les Bacteries sont douees, en realitd, cTuiie plasticite illimitee, et je

crois qu'il faudra renoncer au systeme de M. Cohn et de quelques

autres savants qui caracterisent les genres et les especes d'apres leur

forme." Quoted in Quart. Journ. of Microsc. Set., Jan. 1877, p. 85.

It is, however, only fair to add that Professor Cohn was himself by no

means free from doubt on this subject.

2 ThisN is a kind of change which I have spoken of as " smouldering

fermentation." In the latter portion of a paper in the Pi'oceedings of

the Royal Society^ No. 145, 1873, I have fully described the different

degrees of fermentabihty apt to be shown by various kinds of

fluids when, heated to different degrees, or when, after the heating,

they are subsequently exposed to different incubating temperatures.
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previous experience, is more apt to manifest itself

when we deal with lower incubating-temperatures, as

from 77°-96° F. (25°-35° C), rather than with 122° F.

The fermentation which takes place in boiled or

superheated urine is altogether different from that

which occurs in unhealed urine in open vessels.
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Fig. 9.

Micro-organisms from tubes containing utine or hay-infusion.

1. \3i\x\Q Bacillus, a, a. Short, medium length, and long filaments.

Filaments bearing spores, c, c. Small fragments of such filaments.

2. Small 7'(5i»'w/« from hay-infusion.

3. Vibrio Rugula from hay-infusion.

4. Micrococci in the figure-of-8 form and as short chains (Streptococci),

from milk and from hay-infusion.

Even when the fluid has become quite turbid, it is

never foetid. The odour may be either quite un-

altered in this respect or, at most, there may be a

sliofht increase of its urinous character.^ As a rule,

1 In partly neutralised diabetic urine which has undergone fermenta-

tion in an airless vessel, I have on two ox three occasions found an ex-

treme foetidity of the fluid ; and this is, moreover, an extremely common

occurrence where turnip-infusion ferments under the same conditions.
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too, the organisms found are Bacilli (Fig. 9, a), either

short and unjointed (straight or bent) ; or longer,

and representing what I have hitherto described as

Vibriones ; or longer still, in the form of unjointed

Leptothrix threads. I have all along contended

that these were merely different forms of the same

organism ;
^ and now this is the accepted view, and

they are all regarded, in accordance with the nomen-

clature of Cohn and Eidam, as Bacilli of different

lengths.

In airless flasks nothing like spore-formation

shows itself in the filaments ; so that in this respect

the Bacillus of urine agrees with that of hay and of

splenic fever. There is a still further agreement

;

since in open vessels, or in those which are merely

plugged with cotton-wool, a scum forms on the

surface of boiled urine inoculated with Bacilli in

twenty-four hours— when at a temperature of

100° F. (38° C.) — composed, in the main, of

filaments which within forty-eight hours will show

the highly refractive bodies in their interior

(Fig. 9, d), and indeed, partly break up {c) after this

formation of "spores." All this agrees with the

description which has been given by Cohn and

Koch of the hay- Bacillus, and of that of splenic

fever. It is quite evident, therefore, that we must

recognise the existence of a urine- Bacillus ; but I do

not on that account attempt to confer upon it any

new specific name. Such a procedure would, I

think, not only tend to confirm erroneous notions

as to the distinctness of the life-history of these

1 See Nature, July 14, 1870, p. 221.
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lower forms, but would be utterly useless even from

the point of view of the species-makers. One might

at once describe as new species, and dignify with

new names, the Bacillus of turnip-infusion, that of

cucumber, and of fifty other fluids. But would any

rational end be attained thereby ?

Bacilli, however, are not the only organisms to be

met with in boiled or superheated urine. On rare

occasions we may meet with other forms. Thus,

where oxvpfen has been added by electrolysis, and

where the reaction of the fluid has continued faintly

acid, I have on two or three occasions found Bacteria

composed of two litde ovoid cells—something like

B. termo, in fact, except that they are always quite

motionless. These have been seen in cases where

there has been a feeble fermentation of type {c) ;
and

in some of my earlier experiments with results of the

same kind (though no oxygen was added), and where

the incubating-temperature had been 86^-95° F., I

have found Diplococci, Streptococci as short chaplets,

and small Torulse. Lastly, in one or two specimens

of partly neutralised diabetic urine with which I

experimented in the spring, I found, some days after

the boiling, Torulse growing freely in the midst of

flakes composed of aggregated Bacilli.

Where the fermentation takes place in superheated

vessels which have been sealed whilst the fluids were

cold, so as to contain air, after the manner introduced

by Spallanzani and Needham, and so often adopted

since their time, the process is apt to show itself first

by slight turbidity near the surface of the fluid.

Hay-infusion^ when treated in the manner last
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mentioned, and when it is heated to 230° F. (110°

C.) or upwards, does not, as a rule, exhibit any very

well-marked turbidity. Nevertheless the fluid may
grow perceptibly clouded ; and while it becomes

appreciably lighter in colour, a flocculent precipitate

gradually accumulates. In other cases we may have

whitish tufts of organisms manifesting themselves,

and visibly increasing in size, while the fluid around

remains clear. Lastly, in the least satisfactory cases,

we may have neither of the foregoing signs of

change, but only a slow accumulation of a sedi-

mentary matter, amongst which, in certain cases,

organisms are to be found that are unquestionably

living. Still, it is also true that deposits of mere

amorphous and crystalline matter will generally

accumulate after a time at the bottom of even a

well-filtered hay-infusion, in cases in which no

fermentation is initiated. Hence it is that this latter

kind of change is unsatisfactory, and we need the

microscope to tell us whether or not we really have

to do with a "smouldering fermentation" in which

a limited number of organisms are present.

It will thus be seen that the fermentation is

almost always less vigorous in these superheated

hay-infusions than where they are merely boiled,

and its modes of manifestation are almost exactly

the same as for urine. I have, however, met with

some exceptions to this. Thus, last summer fourteen

specimens of a hay-infusion heated to 230° F. for

five minutes, and subsequently exposed in the in-

cubator to a temperature of 122° F., showed after

twenty-four hours many Bacilli-tufts, which continued
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to grow for the next two days, the fluids themselves

remaining clear. Then, in several of the tubes the

fluids, to my surprise, grew rapidly turbid through-

out. Others, which had not yet undergone this

change, were saved therefrom by being removed from

the incubator to a cool drawer ; and some of them

remained for a long time in my possession with the

Bacilli-tufts floating in the clear fluid.

Two of this batch of tubes were examined early
;

and it was then found that the tufts were composed

%V\

Fig. 10.

Other organisms from hay-infusions,

a, a. MyceUum of a Mould. b. Toruia corpuscles.

of long Bacilli, and, further, that there were

scattered among the threads a sparing number of

mostly separate, small, ovoid Toruia corpuscles (Fig.

9, ^). Here and there these were more numerous

and aggregated into clusters. It was not till several

months afterwards that I examined one of the tubes

in which the contents had become turbid, and which

had in the interval been also put aside in a drawer.

I then found the fluid more than usually acid^

swarming with short Bacilli ; while, much to my
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surprise, the flakes were here composed of beautiful

well-developed tufts of Mould (Fig. lo, a, a), which

were growing over and more or less concealing the

original Bacillus-tufts with Torula corpuscles {d).

Another of these tubes was then examined, and

its contents were found to be altogfether similar.

The vessels were made of combustion-tubing,

and havino- been sealed when cold, the ends were

very strong and were thoroughly sound.

^

Superheated hay-infusion, when it ferments,

invariably retains its characteristic odour, whether

it has been heated in its natural acid state,^ or when
neutralised, or made slightly alkaline by potash. In

the process of fermentation an acid of some kind is

generated, since even the slightly alkaline fluid may
be found distinctly acid when we come to examine

its contents microscopically. With regard to the

organisms which are to be found in these fermenting

hay-infusions, I have occasionally encountered, in

addition to Bacilli of all lengths and Torulse of

various kinds, Diplococci, and Streptococci in the

form of short chaplets (Fig. 9, *). In the fluids

previously referred to in which the Torulse had

developed into well-grown mycelia, I also met with

a few organisms (Fig. 9, ^) which seemed exactly to

correspond with Vibrio Rugula of Cohn. These I

have never seen in such fluids on other occasions.

1 The supervention of a more vigorous fermentation, as shown by

the turbidity, made the fluid more acid ; and this change in the medium

seems to have brought about the development of the previously existing

Torula corpuscles.

- The acidity is always low, mostly equivalent to 1-2 minims of

liquor potassa^ per ounce.
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Milk.—If heated to 230° F. (110° C.) for three-

quarters of an hour or more, milk is found to be

distinctly discoloured by the process. It is then of

a light fawn-colour. A briefer exposure, however,

to this temperature does not appreciably affect its

colour.

After it has stood in the incubator for twenty-four

hours or so, a cream-like layer is found at the

surface, the upper stratum of which is yellow and

dry, though it is dotted here and there with globules

of fluid oil. At this stage the fluid below is still

white and opaque ; but where fermentation ensues,

it gradually becomes more and more whey-like, and

at last it may assume the appearance of mere dirty

water. If left for a long time, the fluid may
undergo other changes, and after a time become

much discoloured. If the milk has been heated to

230° F. for as long as 30 minutes or more, it may
remain many days in the incubator at 122° F. before

it shows any sign of change.

When a specimen of superheated milk has fer-

mented and become most notably altered in appear-

ance, it still retains the simple odour of boiled milk.

Its reaction, however, has changed, since it is always

found to have become more or less acid.

When I first examined such a specimen of milk

under the microscope, I was puzzled at not being

able to discover any distinct or definite organisms

amidst the milk-Mobules. It is true there was a

teeming myriad of swarming particles everywhere,

too minute to be individually recognised, and
recognisable principally by their aggregate motions.



2o6 THE EVOLUTION OF LIFE

These, however, might be organisms or might

not ; and, on the whole, I was indined to take this

latter view. The next specimen of fermented milk

was, perhaps, examined with the aid of a better-

adjusted light. At all events, I discovered therein

a sparing number of Micrococci of the figure-of-8

type ; and these have since been recognised in every

specimen of superheated milk in which I have

sought for them—where the fluid has presented the

other signs of fermentation. They are to be

recognised best in portions of the whey in which the

milk-globules are not so abundant. They have a

provoking habit of placing themselves vertically

beneath the cover-glass, when they look just like

small milk-particles ; but as they turn over their

proper shape is seen, and we find them composed of

a delicate protoplasm presenting a much lower re-

fractive index than the milk particles with which

they are intermixed. Once seen, therefore, they

need never be confounded with couples of refractive

milk-particles of about the same size, which are not

unfrequently to be met with. The average length

of these organisms is ^^J' ; but sometimes they

are rather larger, and at others distinctly smaller

(Fig. 9, ')•

Where the fermentation is not vigorous, the

organisms are very scarce and mostly small ; where

it is better marked, they are not only larger, but

sufficiently numerous to be pretty easy of detection.

On only a few occasions have I seen a chain of four

elements ; the organisms almost invariably exist in

the binary form. The same organisms are amongst
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the first to show themselves when unboiled milk

turns sour in open vessels, though under such con-

ditions they are speedily succeeded by several other

forms.

Geiteral Interpretation : present State of the

Question in regard to Archebiosis.

The germ theory of fermentation was adopted

by M. Pasteur and the doctrine of "spontaneous

generation " was rejected, in his celebrated memoir

of 1862, on the strength of three principal inductions

from his experimental work, together with three

corollaries severally deduced therefrom.

Arranged in order, they may again be stated as

follows :

—

Induction I. All guarded acid fluids remain barren after boiling.

Corollary.—Bacteria, Vibriones, Torulge, and their germs are

killed when they are heated in acid fluids for two or three

minutes to a temperature of too° C.

hiduction II. Some neutral or faintly alkaline fluids, even

though they are securely guarded, will ferment after

boiling.

Corollary.—Certain Bacteria- or Vibrio-germs are not killed

by being heated for two or three minutes in fluids to a

temperature of 100° C, when these fluids have a neutral

or faintly alkaline reaction.

Induction III. All neutral or faintly alkaline guarded fluids

remain barren after they have been heated for a few

minutes to 110° C. (230° F.).

Corollary.—All Bacteria- and Vibrio-germs are killed, even

in neutral or faintly alkaline fluids, when these are raised

for a few minutes to a temperature of 110° C.

These were the inductions and inferences to which
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the President of the British Association in 1870 gave

his unquaUfied support, since it was in reliance upon

Pasteur's views and researches principally that he

proclaimed from his Presidential Chair the doctrine

omne vivum ex vivo to be " victorious along the

whole line."

If this could be said to have been an impartial

verdict in 1870, which it certainly was not, a totally

different verdict will have to be given to-day. Since

the same year (1870) I have on various occasions,

and on various evidence, contended that the first,

and third of these inductions were not good, and

that the second corollary was neither warranted nor

true. Additional and final proof of these positions

has, I venture to think, been supplied in the fore-

going chapters. I claim, therefore, to have shown

that the grounds on which M. Pasteur, and the

scientific world in general, following him, had

accepted the "germ-theory of fermentation" and

rejected the doctrine of " spontaneous generation
"

were altogether insufficient and in great part

erroneous— as a wider experience with other

materials, accurate experiments on the thermal

death-point of Bacteria and their " spores," as well

as new experimental conditions have shown.

The latest work on this subject emanating from

the Pasteur Institute has left the evidence almost

where it was before. Still a little change has been

made, since Ch. Chamberland, a former assistant of

Pasteur, and now sub-director of the Institute, in

his Thesis for the degree of Doctor of Science

published in 1879, and also in a contribution to
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the Comptes Rendus for March 24 of that year,

came to the conclusion that Bacillus spores could

resist a rather higher temperature in neutral or

slightly alkaline fluids than Pasteur had said. Yet

he, after more than two years' work at this and

related subjects, said in regard to the most resistant

spores he had met with—that of the hay- Bacillus,

and another, " Une temperature de 115° degres les

sterilise completement et tres rapidement " : mean-

ing thereby, as his previous statements showed, that

an exposure for a minute or so to that temperature

invariably proved fatal to them.

Then, again, these statements by Pasteur and

Chamberland are made concerning "spores" of

Bacilli, and still more of such spores which have

underofone some amount of desiccation. None of

them, however, in the least explain the appear-

ance of Micrococci, of Streptococci, or of Torulae,

whose frequent existence within the experimental

fluids has been mentioned in the previous and in

the present chapter, as occurring in fluids which had

been boiled, and even heated to various points from

100° to 125° C. (257° F.). There is, indeed, no

existing evidence known to me to show that either

of these three types of ferment organisms are able

to resist, even for a few minutes, an exposure in

fluids to 75° C. (167° Y,y

A brief reference must now be made to the experi-

ments of Professor Tyndall, which did not profess to

^ One exception to this statement has since been made known, to

which reference will be found on p. 229, Note i.

o
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do more than render support to the views of Pasteur

(and not even to the whole of these), and which, in

fact, by reason of his compHcated methods and con-

flicting results, threw the whole subject temporarily

into confusion. We shall then pass on to the con-

sideration of new experiments of extreme simplicity,

conducted with every possible precaution though

under novel conditions, which have led to remark-

able results of a kind calculated to meet any

remaining objections, and make it plain that in

these other experimental vessels there must also

have been a de novo origin of the various kinds of

living things found therein.



PART IV

COMPLICATED METHODS AND CONFLICTING
RESULTS

CHAPTER XVIII

PROFESSOR TYNDALL's EXPERIMENTAL EVIDENCE

WITH HEATED ORGANIC FLUIDS

IN 1875 Professor Tyndall began to work at this

subject, and announced his results early in the

following year.^ He did not endeavour to ascertain

the lowest temperature which would prove de-

structive to Bacteria, Torulse, and their germs,

though he came to the conclusion that they were

always killed by being boiled for five minutes in

organic fluids, and he seemed to imply that this

result was irrespective of the precise degree of

acidity or neutrality of the fluids employed.^ Since

this conclusion as to the death of ferment organ-

isms and their germs in infusions raised for a few

minutes to 212° F. was based upon about 500

experiments with fluids of the most varied nature,

Professor Tyndall seemed to feel considerable con-

1 Philosophical Transactions^ 1876, pt. i. p 27.

^ Loc. cit. p. 51.
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fidence in its truth.^ So far as it went, therefore,

his evidence on this part of the subject was entirely

confirmatory of mine. Indeed, in the beginning of

1876, Professor Tyndall's views on this important

subject were as much opposed to those of M.

Pasteur as mine were ; we both disbelieved on good

evidence, as we thought, in the survival of germs

in boiling neutral or faintly alkaline fluids.

At this time M. Pasteur's positive results with

some of such fluids would seem to have been for-

gotten by Professor Tyndall. At all events, not

being able himself to get evidence that any boiled

and guarded fluids would ferment, he attempted to

throw discredit upon me because I had obtained

such results. Forgetful of Pasteur's experiments

above referred to, and apparently unaware of the

confirmation which my experimental facts had

obtained at the hands of many independent workers,

he triumphantly brought forward a "cloud of

witnesses" to convince the Royal Society and the

world of science generally, as well as others, that

my particular results in which fermentation had been

made to show itself in boiled and guarded fluids

were due to experimental errors into which it was

conjectured that I had easily fallen, since it required

all Professor Tyndall's great skill and long experi-

ence to avoid them. He strenuously denied that a

1 He says {Joe. cit. p. 42) in experiments made with " urine, mutton

beef, pork, hay, turnip, tea, coffee, hops, haddock, sole, salmon, cod-

fish, turbot, mullet, herring, eel, oyster, whiting, liver, kidney, hare,

rabbit, fowl, pheasant, grouse," amounting in all to several hundreds,

five minutes' boiUng was always found sufficient to produce complete

sterilisation.
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certain experimental result could be obtained when
strict methods were followed. It was as regards

the question of fact, rather than in regard to its

interpretation, that Professor Tyndall then did his

best to throw discredit upon my work.

All this confident assertion and conjecture on the

part of the new worker was based upon his belief,

and is to be taken as the measure of his certainty at

that time, that Bacteria and similar organisms, with

their germs, were killed by being heated in fluids to

212° F., for a minute or two. It is, in truth, even

now almost impossible otherwise to account for the

continued barrenness of his 500 various fluids, placed,

as he says, under conditions favourable for the

multiplication of any organisms or germs which they

might contain, not for days only, but for weeks and

even months.

Professor Tyndall seems entirely to have miscon-

ceived the real aspect of the question as it stood

before the scientific world in the beginning of 1876.

He unhesitatingly coincided with me as regards the

only point which was really in dispute, viz. whether

the supposed "omnipresent" ferment-organisms and

their germs were killed by a brief boiling or not

;

while the fact which he called in question was the

very point that had been abundantly confirmed,

and was then generally admitted—whatever inter-

pretation might have been put upon it by different

experimenters.^ Indeed, what Professor Tyndall

had been unable to achieve in the way of inducing

' For a list of such experimenters see Nature^ February 10, 1876,

p. 284.
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fermentation in boiled and guarded fluids, had three

years previously been brought about by me in the

presence of a highly skilled and then sceptical

witness, Professor Burdon Sanderson. He sub-

sequently published his declaration^ that positive

results, both with acid and with neutral boiled in-

fusions, had been obtained without experimental

flaw
;
yet in spite of this testimony, and without

even mentioning it, Professor Tyndall sought to

decry my experiments and set aside my results.

Meanwhile, almost at the time that the learned

physicist was acting in this bewildering manner, one

of the principal authorities on such subjects in

Europe, Professor Ferdinand Cohn, was again con-

firming my impugned experiments at Breslau ; and

was obtaining, both with acid and with neutral boiled

infusions, those evidences of fermentation which

hitherto Professor Tyndall had strangely enough

failed to reproduce.^ The fact was again fully

admitted by Professor Cohn, though my interpreta-

tion of it was still questioned. It is therefore quite

needless for me here even to cite the other in-

vestigators who had previously obtained similar

results. This side of the question has, in fact,

been so thoroughly settled by my experiments,

and the numerous confirmations which they had

received at the hands of others, that it would be

^ ^ Nature^ January 8, 1873, and reproduced in Chapter xii.

2 "Beitrage zur Biologic der Pflanzen," 1876, p. 259. This con-

firmation, after Professor Tyndall's denial, was very similar in its

opportuneness to that of Professor Sanderson after Prof. Ray

Lankester's earlier but similar denial and failure {Quart. Journ. of

Microsc. Science, January 1873, vol. xiii. p. 74).
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waste of space for me now to dwell further upon this

part of the subject.

It must be obvious that what was needed was all

the definite evidence that could be obtained as to

the thermal death-point, and as to the powers of

resistance under different conditions, of ferment-

organisms and their germs. This it was that induced

me, then and later, to undertake long investigations

bearing directly or indirectly upon this section of

the problem.

Twelve months later we find Professor Tyndall ^

announcing that he was then able to obtain the

previously denied results. The behaviour of his

recent infusions had completely stultified his previous

position. He was no longer at issue with me and

others in regard to the fact. The difference between

us was now one of interpretation only. In spite of

his previously much-vaunted 500 negative results,

and the good evidence which they supplied as to

the death-point of Bacteria and their germs, Pro-

fessor Tyndall now endeavoured, as best he could,

to cover his previous unfortunate position. The
result was a complete change of front.

During all his earlier experiments, though operat-

ing in the midst of London in an air which he had
himself not lightly stigmatised, and in many trials with

all sorts of fluids, he had not come across a single

o-erm which could survive the influence of boiling-

water for a few minutes. Desiccation of germs,

according to Professor Tyndall's experience at this

1 Brit, Med. /ourn., January 27, 1877, p. 95.
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time, would seem to have been a phenomenon of

the rarest occurrence
;
germs capable of resisting a

short boiling must have been almost, if not quite,

unknown.

But no magician with his wand ever wrought a

more complete change than did Professor Tyndall

by introducing a bundle of "old hay" into his

laboratory. Henceforth there was evidence of

fermentation in boiled fluids without stint ; desic-

cated germs were said to be everywhere—germs

capable of resisting even two, three, four, and more

hours of boiling, as he thought, everywhere sur-

rounded him and got into his infusions.

These, at least, were the hypotheses by which

Professor Tyndall endeavoured to reconcile his

earlier with his later results. But two things strike

one as very unsatisfactory in regard to these hypo-

theses and his method of supporting their cogency.

In the first place it may be observed that the fact

of his having introduced a bundle of " old hay" into

the laboratory of the Royal Institution cannot be

regarded as a satisfactory explanation of the results

of myself and others who had been able to obtain

fermentation in boiled fluids long before, without the

aid of any such magician's wand as this which Pro-

fessor Tyndall had chanced to employ.

Secondly, there is the very dubious nature of the

evidence by which he sought to support his

interpretation, and the absence of anything in

what he had published on the subject which gave

a definite and independent foundation to this in-

terpretation. Thus, to take one illustration, in the
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Proceedings of the Royal Society^ there is printed a

note " On Heat as a Germicide when Discon-

tinuously Applied," in which Professor Tyndall said :

" Following up the plain suggestions of the germ-

theory, I have been able, even in the midst of a

virulently infective atmosphere, to sterilise all the

infusions by a temperature lower than that of boiling

water. . . . Before the latent period of any of the

germs has been completed (say a few hours after the

preparation of the infusion), I subject it for a brief

interval to a temperature which may be under that

of boiling water. Such softened and vivified germs

as are on the point of passing into active life are

thereby killed ; others not yet softened remain intact.

I repeat this process well within the interval neces-

sary for the most advanced of those others to finish

their period of latency. The number of undestroyed

germs is further diminished by this second heating.

After a number of repetitions, which varies with the

character ofthe germs, the infusion, however obstinate,

is completely sterilisedr

Noting by the way that the "character of the

germs " has no other reality than Professor Tyndall

chooses to infer from the obstinacy of the infusion

in resisting sterilisation, it is only necessary further

to point out that the above procedure and its results

allow absolutely no conclusion to be drawn in favour

of the survival of germs, except by ignoring the only

other legitimate interpretation. The frequent repeti-

tions of destructive heating, at or close to the boiling-

point, might, after a time, repress all tendency to

1 No, 178, vol. XXV. p. 569.
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fermentative change in a fluid with the same faciUty

that it might destroy germs supposed to be suc-

cessively awakening to Hfe and activity.^ When-
ever an investigator has decided beforehand that

one of these possibiHties is not worth thinking

of as an interpretation, the problem to his mind,

becomes, of course, a simple one. And amidst

all the conflicting nature of his evidence Profes-

sor Tyndall never wavered in the steadfastness

of his adhesion to the germ-theory. All through,

with him, the question was always whether the

germs were or were not killed with a given amount

of heating. The other side of the question in

dispute, the possible " generating" power of the fluids

employed, was wholly ignored. He declared, in

fact, in The Times (June i8, 1877), in reference to

^ A fairer way of testing Professor Tyndall's notion may be found

in some such manner as I have myself adopted. Thus, a hay-infusion

was made ih the ordinary way, which after filtration was found to be

clear, of a dark sherry colour, and to have a neutral reaction. Nine

tubes from three to four inches long and one inch in diameter were

employed, which were \}s\oxo\x^\yflmnbes. Having been rather more

than half filled with the hay-infusion, the fluid in each was boiled for

one minute and sealed during ebullition. These experiments were

purposely made in the month of January, when the weather was rather

cold, ranging from 32°-45° F. The tubes were kept outside the

window, in the shade, and their position was reversed twice daily

during four days, so as to allow plenty of time for the softening of any

germs or spores that might be present either in the fluid or on the

walls of the vessel. The tubes were then put into a can of water and

raised with the water to the boiling-point—the boiling being continued

for four minutes. During this second process of boiling two tubes

were cracked, but the remaining seven were placed in the incubator

at 115 F., with the following results : In 24-36 hours the fluid in all

the tubes had become slightly turbid and lighter in colour, owing to

the presence of swarms of Bacilli. I have obtained very similar

results on other occasions.
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his experiments, "there is but one interpretation.

An interpretation which violates all antecedent know-

ledge is undeserving of the name." This was said

by him in one of his most caustic letters in con-

demnation of my views and experiments, and in

reply to my hint that there was another interpreta-

tion of his experiments which he entirely ignored.

It can be easily understood that a man who
adopted this attitude, and was so overbearingly

confident in regard to the truth of his own doctrines,

would not trouble himself overmuch to meet all his

opponents' views. In his next letter to The Times

(July 24, 1877), in further condemnation of me, and

written in his most dogmatic style, he said that when

the discrepancy occurred between his earlier and his

later experiments the possible influence of " the age

of the hay " suggested itself to him. He then made

the following: remarks : "The hint was sufficient to

cause me to seek through the country for samples

of old hay. Lord Claud Hamilton was good enough

to send me some from Heathfield. From Colchester

I obtained hay five years old, and from other places

hay in different stages of desiccation." Then comes

the following surprising and boastful statement, " I

hunted this hay-contagion down till I could place my
finger on it, and I showed by experiments, long

continued and laborious, the ravages it produced

among- infusions of all kinds."

I say this statement is a surprising one, because

it must be remembered that at the time the actual

"spores" of the hay-bacillus had recently become
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known. I had been making experiments in re-

gard to their death-point, though absolutely nothing

had been said by Professor Tyndall on the subject,

and there was no evidence to be found in his writings

that he had even seen any of these bodies. I had

called public attention to this fact, and his reply in

the letter from which I have just quoted is this :

" What he says in regard to unseen germs is also

said without knowledge. The germs are seen

collectively, though the microscope may fail to

resolve them [they are most easily to be seen through

the microscope, as PI. I., Fig. 2 shows]. A patch of

bluebells on a hill-slope is not the less a patch of blue-

bells because from a distance you are only conscious

of their colour, and fail to distinguish the individual

flowers."

That was the kind of treatment of the subject

which satisfied Professor Tyndall. On the other

hand, the reader may now look again at pp. 78-84 for a

record of my experiments with myriads of the actual

Bacillus spores after they had undergone desiccation

for over five years, as well as at pp. 75-78, giving an

account of direct experiments on the death-point of

these bodies when they had undergone a shorter

period of desiccation. The results thus arrived at

go to show that these real and veritable " old hay

germs "—known to be there in their thousands—and

after the most prolonged desiccation, were only

found on one single occasion to have appeared to

survive a heating to 100° C. for twenty minutes. I

say "appeared," because, as I have said, it is just pos-

sible that this particular experiment may have been a
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failure, owing to some accidental contamination

having occurred after the nourishing fluid had been

heated.^

In order to show that the view I have taken as

to the unsatisfactory methods and conflicting results

obtained by Professor Tyndall is not due to personal

bias on my part, I think it well to quote here what

was said on the subject by a writer in The

Contemporary Review for April 1877, under the

signature of " Inquirer." And in regard to the

competence of the author I am now at liberty to

say that the writer was the late G. W. Hemming, a

former Senior Wrangler, an eminent K.C., and later,

for some years, one of the Judicial Referees of the

High Court. He was a man of great intellectual

power and sagacity, who knew all details of the

controversy which had been taking place during the

previous six or seven years, almost, if not quite, as

well as I did ; and this is what he had to say con-

cerning Professor Tyndall's experiments :

—

" The only other experiments to which we need

refer, on the point now under consideration, are the

very elaborate series conducted by Professor Tyndall

since the Bastian-Sanderson report. These, like

Pasteur's, have not been precisely repeated, but

^ Professor Tyndall made so many erroneous statements in an article

generally condemnatory of my views which appeared in The Nine-

teenth Centitry for January 1878, that I was obliged to reply in the

February number of the same review. After that, and previous to the

present work, I have published nothing on the subject of Archebiosis

save one chapter in my book, " The Nature and Origin of Living

Matter," 1905.
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Professor Tyndall's position is such as to render a

careful discussion, even of his isolated work, ex-

tremely interesting. It is perhaps to be inferred from

the emphasis with which Professor Tyndall restricts

his statements to purely

liquid infusions, that lie

has gone over and con-

firmed Bastian's turnip

and cheese experiments,

but he did at one time

(whatever he may do

now) maintain that no

purely liquid infusion,

whether acid or alkaline,

could putrefy if boiled

and protected from the

contact of atmospheric

dust. His experiments

were conducted in two

series, one described in

a lecture at the Royal

Institution early in 1876,

published in a more

mature form in the

Transactions ofthe Royal

Society for that year ; and

the other in a lecture

delivered at the Royal

Institution on the 19th of January of the present

year, a report of which appeared in the British

MedicalJournal of January 27th.

" The general method employed was to cement a

Fig. II.

Professor Tyndall's Experimental
Chamber.
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large number of test-tubes through the bottom of a

box with their lower ends protruding, so as to admit

of the application of heat. The box was closed and

made air-tight, and a pipette provided for filling the

tubes with such organic fluids as might be desired.

The air within the box was, as the professor con-

sidered, absolutely purified from germs by subsidence,

the interior of the box being coated with glycerine,

to imprison whatever dust might fall upon it ; and
the completion of this process was determined by
the use of the electric beam. A connection with

the outer air was established throuoh bent tubes X
and plugs of cotton wool, which were thought to

afford adequate protection against the intrusion of A

germinal matter. U-<-^

" Why this roundabout and uncertain method of

procedure was preferred to much simpler well-

known means it is difficult to say, but in the first

series of experiments it led to no catastrophe.

Various infusions were inserted in the test-tubes by

means of the pipette, which was carefully guarded

against the passage of air otherwise than through

wool. The tubes were heated for a few minutes by
immersion in an oil bath, and left in the laboratory

to evolve life if they could. The temperature of

incubation was not taken, but Professor Tyndall

stated afterwards that a temperature of 90° F.

was ' generally attainable ' in the laboratory, and

that on mild days and in favourable positions

the temperature to which the infusions were

subjected reached over 100° F. All of them
remained barren, including any neutral solutions
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among them, which, according to Pasteur, ought to

have putrefied.

** In the present year the same experiment was

repeated, at the Royal Institution, with the opposite

result. Most of the infusions became putrid, in

some instances more rapidly than what were

intended to be precisely similar infusions exposed to

the outside air. The experiment was repeated with

an improved arrangement of the pipette, which had

fallen under suspicion from the conduct of the

infusions, but still with the same result. Then the

incoming air was cleansed not only by the wool-

filter, but by calcining it by means of red-hot

platinum, but still with no change in the result.

Another box was then experimented on at Kew,

and this time the infusions remained pure with one

exception, after being kept for a time—not, we think,

specified—in a temperature varying from 80° to a

little over 90°, a degree of incubating heat not the

most favourable, but which has very often been

found sufficient to develop life. The conflicting

results of these experiments were ingeniously

accounted for by Professor Tyndall—the failure at

Kew being ascribed to a pin-hole, and those at the

Royal Institution to the insufficiency of bent tubes,

cotton-plugs, and red-hot platinum to keep out or

kill living germs at Albemarle Street, though they are

still relied on as sufficient in a purer atmosphere, and

were found so last year in the Royal Institution itself.

" The special theory resorted to to explain the

contrast between the experiments at the Royal

Institution in the two successive years is that in 1877
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that atmosphere was charged with bacterial germs in

such excess as to be proof against subsidence, burn-

ing, and plugging, and that this excess was due to

the fact that in one of the rooms of the Institution

some old hay was to be found. How far this

deserves consideration as a working hypothesis is a

question which admits of difference of opinion ; but

Professor Tyndall would scarcely ask us to accept it

without proof as the real explanation. Why bacterial

germs in excess should make their way through a

sieve ordinarily close enough to exclude them is not

apparent. Neither is it quite obvious why the red-

hot platinum, which would burn up all the germs in

ordinary air, should fail to do so when the con-

tamination was excessive. And we are not quite

sure that the subsidence of small particles from

the air is at all hindered by increasing their

number ; and if it were, it would not be a very

serious matter to an observer furnished, as Professor

Tyndall is, with an optical method of testing the

purity of the air so delicate as to determine the

instant when the last particle of germinal or other

matter has deposited itself.

" Even when these difficulties are got over, there

is no warrant that we know of for assuming that old

dry hay will fill the air with swarms of bacterium

germs. On the contrary, everything at present

rather points to the hypothesis that desiccation would

be fatal to bacteria and their germs, if they have

any.^ No doubt it is true, as the professor pointed

1 This is not quite correct. The writer probably had in mind the

very definite statements made on this subject by Burdon-Sanderson

P
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out, that hard, dry seeds will stand an amount of

heat which would utterly destroy them when they

were once soaked through. Many persons would

probably be able to confirm his experience, that a

very dry pea may be boiled for hours before the

moisture penetrates its hard coating ; and it is com-

mon knowledge now that a considerable amount of dry

heat will not destroy the power of germination in

seeds which would yield at once to a moist tempera-

ture much below the boiling-point. Boiling a pea,

therefore, seems a scarcely conclusive proof that

bacterial germs, if there are any, can survive desicca-

tion and induration,that they are freely given off in this

protected state from old hay, and that when they get

into the air they have a special power, not possessed

by their moister brethren, of resisting subsidence,

penetrating cotton-wool, and enduring the contact

of air calcined by red-hot platinum. All this may
be worked out some day, but it will need something

more than boiled peas or dried seeds to establish it.

" The true inference to be drawn from the two

series of experiments seems to me to be that the

discrepancy has arisen from some cause which

neither the public nor the Professor himself have as

yet any trustworthy means of so much as guessing

at. The wise course would be to abandon for the

future the unsatisfactory and complicated machinery

employed in Professor Tyndall's mode of experi-

mentation, and to resort to simpler means of exclud-

in 1 87 1 (Thirteenth Report of the Medical Officer of the Privy

Council, p. 61) ; his view, however, subsequently required much
modification, as I have indicated on p. 75.
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ing atmospheric dust ; and as to the conflicting

experiments of 1876 to 1877, to let them drop

quietly out of the argument until explained, the

more especially as in the case of neutral or slightly

alkaline fluids, many of them contradict the orthodox

germ theorist, Pasteur, quite as emphatically as they

do such heretics as Bastian and Huizinga, to say

nothing of the mysterious Dr Sanderson, whom we
dare not class either among the orthodox or the

unbelievers, but who, whatever his theories may be,

has borne manly testimony to the facts which he

has observed.

" A very much more important statement is con-

tained in the paper in the "Philosophical Transac-

tions" of 1876, into which Professor Tyndall expanded

his lecture of that year. There it is distinctly, though

briefly, alleged that Professor Tyndall has repeated

the Bastian-Sanderson process, and that with purely

liquid infusions he found in multiplied experiments

that they remained uniformly barren. His own
explanation last year was that Dr Bastian had

allowed the gravest errors to invade his experi-

mental work ; that the life to which Dr Sanderson

testified, in the case of the purely liquid infusions,

arose from errors of manipulation ; and this year he

adds that even the celebrated Professor Cohn
appears to have no adequate notion of the care

necessary to be taken in experiments of this kind.

To be consistent, he ought to have attributed the

same carelessness to Pasteur when he obtained life

in boiled neutralised fluids, a feat which Professor

Tyndall declares impossible when due precautions
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are used and perhaps in some degree even to

himself for overlooking the possible malignant in-

fluence of old hay.

" The worst of this kind of reasoning is not

merely that it may be resorted to on one side as

well as on the other, but that it tends to restore the

habit of thought which once kept science dead for

many centuries—the habit of appealing to authority

in place of facts. Professor Tyndall may, or may
not, ultimately prove to be on the right side, but we
crave some other reason for it than the mere

assertion that his undoubtedly high authority as an

experimentalist (backed by Pasteur as to part of

his experiments and contradicted by him as to the

rest) entitles him to treat with contempt the counter-

authority of Bastian, Sanderson, Huizinga, and

Cohn." 1

1 In further illustration of some of the difficulties with which I had

to contend, it seems worth mentioning that at the time while these

discussions were going on Professor Huxley was one of the Secretaries

of the Royal Societ)^, Professor Tyndall was his intimate friend, and

both were strong supporters of M. Pasteur, the truth of whose

doctrines I had dared to question. My memoir entitled " Researches

illustrative of the Physico-Chemical Theory of Fermentation, and

of the Conditions favouring Archebiosis in previously Boiled Fluids,"

was read in June 1876, and an Abstract of it was published in the

" Proceedings " of the Society for that month, while the memoir itself

was not printed, and was consigned to the " Archives " of the Society.

In the following December communications from Sir William Roberts

and Professor Tyndall, in supposed refutation of my experiments, were

published with the least possible delay ; as also was another com-

munication from Professor Tyndall in February of the following year.

His two long memoirs also were published in extenso, and as speedily

as possible, in the " Philosophical Transactions" for 1876 and 1877.



PART V

NEW EXPERIMENTS WITH SUPERHEATED
SALINE SOLUTIONS

CHAPTER XIX

OBJECTS AND METHODS IN THE NEW EXPERIMENTS :

INITIAL TRIALS

OO far as we have seen all micro-organisms, with

^ the exception of Bacillus spores and certain

Confervae living in hot springs, are admitted to be

killed in the moist state when heated to tempera-

tures ranging from 6o°-75° C- (i4o"-i67° F.).^ Yet,

as I have shown, not only Bacilli, but Micrococci,

Streptococci, Torulse, and other micro-organisms,

have been found to be living, and, in many cases,

actively multiplying, in organic fluids taken from

closed tubes which have been heated to tempera-

tures ranging from ioo°-i25° C. (2i2°-257° F.).

Further evidence in favour of the de novo origin

of living things, in the face of these facts, would

seem to be unnecessary. But the majority of persons

^ One exception to this only is known to me. A Saccharomyces has

been found which causes fermentation at 183° F., some account ofwhich

is given in \h& Journal of the Federated Institute of Brewmg^voX.y^.,

No. 6, 1905.
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still remain incredulous, and would apparently rather

believe in the existence of some possible experi-

mental errors than admit as true what they have

long been taught to believe as impossible.

In the endeavour to throw further light upon this

question of the origin of life I began again, after a

prolonged interval, early in the year 1906, to make
new flask experiments. It seemed desirable to make
them approximate more closely to the condition of

things that must have existed during the dawn of

life upon our planet, by eliminating, as far as possible,

all organic matter from the fluids with which experi-

ments were to be instituted. The use of saline

solutions of different kinds, made with freshly distilled

water and with pure chemicals, naturally suggested

itself, therefore, as a means of complying with this

desideratum.

To get rid, as far as possible,^ of matter which

had been fashioned in pre-existing living things

would undoubtedly be a great advantage, and

likely, in the event of positive results occurring,

to prove additionally convincing to all unprejudiced

persons. The chemicals employed would certainly

be comparatively, if not absolutely, free from germs

of Bacteria. They would certainly be as unlikely to

harbour spore-bearing Bacilli as the freshly distilled

water itself,

I say " freshly distilled " water, because it is well

^ Chemists know how difficult it is to obtain solutions, however care-

fully prepared, which shall be absolutely free from minute shreds of

cotton wool or other fibres.
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known that distilled water after it has stood for some
time in ordinary vessels may be found to contain

simple micro-organisms—growing more especially

on the lower surface of the containing vessel. By
using recently distilled water, however, we can

almost get rid of all organisms—and certainly can

get rid of spore-bearing Bacilli. So that the few

micro-organisms that may chance to be present

would not be of a kind in any way likely to com-

plicate our results. If the thermophilic Bacteria are

absent, as we are told, from ordinary tap-water,^

they are still less likely, as all must admit, to be

found in freshly distilled water. And, even in regard

to the relative purity of ordinary tap-water, the

following facts should be borne in mind. MM.
Pasteur and Joubert made an extensive series of

investigations concerning the "germs of lower

organisms" that were to be found in the waters

of different regions, and among them in the water

of the Seine (certainly very much fouler than any
ordinary tap-water would be), and yet all they

could say as to the capacity of resisting moist heat

possessed by the organisms or germs found to be

existing therein was this:^—
"t>

"A drop of the water taken from above Paris, and still more
when taken from below, is always fertile, and gives rise to the

development of several kinds of Bacteria, among which there are

some whose germs resist more than 100° C, when in the moist

state and in media which have not an acid reaction."

Subsequently to the date of these investigations,

' See p. 69. 2 Compt. Rend., January 29, 1877, p. 208.
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Chamberland, the former assistant of Pasteur and
the present sub-director of the Pasteur Institute,

worked, as he tells us, for two years in Pasteur's

laboratory in the preparation of his thesis for

a Doctorate in Science, which was entitled,

** Recherches sur I'origine et la developpement
des organismes microscopiques "—the object of

these investigations being an attempt (deemed
successful) to rebut the evidence adduced by
myself and others in favour of the de novo origin

of living organisms. During this work Chamberland
thoroughly tested the ability of the spores of Bacilli

to resist heat when immersed in water and in various

acid, neutral, and alkaline infusions; and the con-

clusion to which he arrived touching- these various

fluids containing such germs was this :

—

"A temperature of 115° C. sterilises them completely and
most rapidly."

And the context shows that he means by this, as

he subsequently repeated in the Comptes Rendus

(1879, i. p. 659), that in a minute or two such a

temperature suffices to kill all these spores when
immersed in such fluids.

It behoves us to see again, therefore, M'^hat positive

results can be obtained with fluids heated to 115° C.

and over, since this temperature has been so de-

liberately and authoritatively declared to be lethal

for all germs or spores immersed in fluids.

Trials were at first made with several different

solutions, nearly all of which contained an am-
moniacal salt in combination with other bases or



EXPERIMENTS WITH SALINE SOLUTIONS 233

acids, and attention was finally concentrated upon a

few solutions, the exact composition of which will

be presently detailed. Some experiments have also

been made with sea-water, as one of the most

probable sources of the primordial living things

which first appeared on this earth. Though not as

free from germs as the saline solutions in distilled

water, certainly sea-water is not a medium likely to

contain desiccated Bacterial germs, and therefore

the mere boiling of such a fluid ought to

prove destructive of all living things con-

tained therein.

The fluids with which experiments were

made were contained in sterilised tubes,

mostly of soft German glass, three inches

long and one inch or rather less in diameter,

and provided with a tapering extremity.

The glass from which the tubes were to

be blown was first well cleaned, and, natur-

ally, during the process of making the tubes

they became thoroughly sterilised. The
advantage of this condition was maintained

by the fact that the tubes were sealed as they

were made, and that they, in all cases, re-
Fig. 12.

mained closed until they were about to be sealed

charged with experimental fluids. When Tube after

half-filled each tube was carefully sealed '^^^^^'^S'
J snowing

again in the flame of a Bunsen's burner, deposit of

thus presenting the appearance shown in
^^^''^^"

Fig. 12. The meaning of the deposit at the bottom

will be subsequently explained.

The closed tubes were immersed in a can of water
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if they were merely to be heated to ioo° C, or in

a solution of calcium-chloride for temperatures rang-

ing from 1
1
5°-i 30" C. If temperatures above this

were had recourse to, I have employed a colza

oil bath, and then very great care is required to

keep the bath at a definite temperature. Unless

precautions are taken to slow the process of heating

when the desired temperature is nearly attained, it

will almost certainly runup four or five degrees higher

than was intended. The calcium bath heats more

slowly, and, of course, can be prepared so as to boil

at any given temperature up to 130^ C. ; so that, for

short periods, the heating of the tubes in a bath of

this kind can be kept at any definite point that

may be desired. I have employed a deep can,

narrowing above, the thermometer being fixed so

that its bulb mav be situated in the middle strata of

the fluid. Not more than five or six tubes ought to

be heated at the same time, as if one should burst

the commotion caused may lead to the bursting of

others. The shape of the can is then a protection.

With careful sealing, however, and ordinary glass no

accident of this kind should occur, though with the

thinner tubes of uviol glass, presently to be men-

tioned, it has happened on two or three oc-

casions.

When the tubes have been exposed to the given

temperature for the time desired they should

be quickly taken out of the bath with a large

wooden forceps and allowed to cool. Then, after

being cleaned and labelled, they are either placed

in an incubator, at a comparatively high tempera-
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ture, or exposed to diffuse daylight at the ordinary

temperature of the air.

The Influence of Diffuse Daylight.

Comparative trials were made in order to ascer-

tain whether the heat of an incubator at 90°- 100° F.

(32°-37° C), associated with darkness, or a much
lower temperature, plus the influence of diffuse day-

light, would prove most influential in leading to

the appearance of organisms in the experimental

fluids. I soon found that no general rule in regard

to this could be laid down—that heat and darkness

was more favourable with a few of the solutions, and

that diffuse daylight, even with a very much lower

temperature, was more productive with most of the

others.

This favourable influence of diffuse daylight in

promoting the growth, and possibly the origination, of

micro-organisms is a new point, never, I believe, pre-

viously noted by bacteriologists. It seems, indeed,

to be contrary to their generally accepted views,

since we find Dr Allan Macfadyen saying in a

lecture at the Royal Institution, delivered in June

1900, that, "Direct sunlight was a most deadly

bactericidal agent, and diffuse light was also injuri-

ous, though slower in action." ^

Its favourable influence was first discovered

by me early in 1905, when studying the growth

and multiplication of common Bacteria in a simple

solution of ammonium tartrate in distilled water.

^ The Tiwes, June 11, 1900, and Proceedings^ vol. xvi., p. 451.
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Sir William Ramsay, who kindly tested some of the

solution employed, was unable to detect any phos-

phorus therein, and only "an excessively minute

trace of sulphur, probably as sulphate." It seemed
to me, therefore, that we had in this case to do

with "the simplest kind of protoplasm," fashioned

out of the mere carbon, hydrogen, oxygen and

nitrogen of the ammoniacal solution, with the

addition of an "excessively minute trace of

sulphur."

The protoplasm was fashioned in this case under

the influence of, and as a result of, the growth of

the ordinary Bacilli, Cocci, Streptococci and Torulse,

with which the solution had been inoculated. This

inoculation of the simple saline solution with

common Bacteria and Torulse further showed, as

I then stated,^ that though such organisms were

"capable of growing freely in the saline infusion with-

out the aid of light," nevertheless, " light distinctly

favours the process, since solutions, similarly inocu-

lated and left exposed to ordinary daylight, have

become turbid rather more quickly, even though the

temperature to which the solution has been exposed

has been about ii° C. (20° F.) lower than that of

the incubator."

This kind of favouring influence was shown
all the more plainly when other portions of the same
saline solution were inoculated from the primary

experimental fluid. The organisms in this secondary

inoculation grew and multiplied less vigorously than

their predecessors had done when in their own
^ See Knowledge and Scientific News, Aug. 1905, p. 199.
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organic media. So that in the communication above

referred to the following- statement was made :

—

" The growth of these less vigorous Bacteria is now decidedly

less rapid, and seems only capable of occurring at all freely

when aided by daylight. In the flask on the table the fluid

will become slightly opalescent in four or five days, and this

opalescence increases for a few days, when a sediment begins

to form. But the fluid in the incubator may show no distinct

opalescence even for a couple of weeks or more, though a very

minute amount of sediment will accumulate."

In many of the experiments about to be recorded

I have similarly found, as already intimated, some

solutions very much more productive under the

influence of diffuse daylight than when kept in the

incubator at a temperature even
2,

5°-40° F. higher

—

so that this influence of diffuse daylight will be found

to be a point of considerable importance.^

Would it be advantageous in these Experiments to

use Uviol or Rock-Crystal Tribes ?

A related point to that just dealt with has engaged

my attention, though the observations hitherto made
have not been sufficiently numerous or decisive to

enable me to arrive at any definite conclusions. I

^ Yet the brief communication announcing this new contribution

to "natural knowledge" was not, on the advice of referees, deemed
worthy of a place in The Proceedings of the Royal Society in which I

wished it to appear. It seems somewhat absurd that one of the senior

Fellows of the Royal Society should have his communications referred

to other Fellows who have made no special observations on the

subject dealt with, and that they should practically decide, without

communicating with the author, whether a paper is or is not to appear

in The Proceedings of the Society.
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allude to the question of the desirability or the

reverse of employing, in these experiments, kinds of

glass which, like rock-crystal, are much more per-

vious to actinic rays of light than ordinary soft or

hard German glass. I have made a few observa-

tions with sealed tubes composed of uviol glass,

which is said to possess such properties, but they

have not been numerous enough to enable me to

say that their use has favoured the appearance of

organisms or the reverse. The specimens of

such glass at present obtainable ^ have proved very

variable in texture, and this led to several explosions

occurring when the sealed tubes had been heated to

temperatures over 130° C. Further experiments

with glass vessels of this kind should, however, be

made ; though perhaps the advantage to be derived

therefrom will not be so great as might at first be

imagined, if what M. Wilderman says is substanti-

ated by further observations. He states that he

is prepared with "experimental proof that the rays

of light of all wave lengths act both ' chemically ' and

as 'heat-rays,' only in different degrees."^

Of late, however, all the experimental vessels that

I have been exposing to diffuse daylight have been

laid on a table in front of an open window (day and

night) having a north-east aspect ; the table being

so disposed as not to be touched by the rays of the

early morning sun. In this way the window glass

at least does not come as an additional barrier to the

passage of actinic rays, while the commonly reputed

1 Through Messrs Isenthal &. Co., of 85 Mortimer Street, W.
2 Proceedings of Royal Society^ A, March 1906, p. 274.
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injurious influence of direct sunlight on Bacteria is

avoided.

Can Silicon replace Carbon, either wholly orpartially^

in Protoplasm ?

What I have to say on this important subject may
be prefaced by some quotations from my book " The
Beginnings of Life,"^ in which a brief reference was

made to this question,

"Another subject now claims our consideration.

Livino- matter beino- the result of a chemical com-

bination of a certain kind, there is no absolute

improbability in the supposition that the carbon

usually existing in the living compound might be

replaced by some other element. With the hope of

throwing some little light upon this very difficult

subject, I made several tentative experiments with

saline solutions containing—in addition to nitrogen,

oxygen, and hydrogen—some other element in the

place of carbon. The element with which the

carbon was replaced was either silicon, boron,

chromium, aluminium, or iron.^ Except in those in

which carbon was replaced by silicon, no living

things have been met with in any of these solutions

(after they had been boiled and the necks of the

flasks had been sealed during ebullition). This

result—taking it merely for what it is worth—is

1 Vol. ii., Appendix A, p. ix, 1872.

2 As I have already stated, these experiments were merely tentative.

It is not supposed that solutions were employed free from all trace

of carbon, existing as an impurity.



240 THE EVOLUTION OF LIFE

extremely interesting and suggestive, since silicon is

certainly the element which most closely resembles

carbon, and which might therefore best replace it in

compounds otherwise similar to those which con-

stitute the basis of living matter. A silicon alcohol

and ether has in fact been produced by Professor

Wohler/ in which the carbon of the ordinary com-

pounds is replaced by silicon. It is therefore

deemed quite possible that silicon may take the

place of carbon in certain forms of living matter. No
absolute proof of this, however, can at present be ad-

vanced. What follows must be taken merely as an

indication of the possibility of such an occurrence."

Reference was then made to an observation of my
own, in which a mass of mould was found growing

luxuriantly on the surface of some silicate of soda

solution, contained in a corked bottle which had

been unopened for about six months. Attention

was also called to the previous observations of Messrs

Roberts (afterwards Sir Wm. Chandler Roberts) and

Slack on solutions of hydrate of silica, as recorded

in the Quarterly Journal ofMicroscopical Science iox

1868 (pp. 105-108), in which they say: "All the

specimens of silica solution supplied by Mr Barff to

Mr Slack, whether kept in bottles nearly full and

corked, in bottles containing much air, or in open

vessels, exhibited the mildew threads in the course

of a week or ten days." After recording some

further observations and experiments, they say, in

conclusion, "The preceding experiments show the

facility with which moulds will grow in a solution of

1 This is not quite correct. But see p. 279, Note i.
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pure silica in distilled water, and the way in which

they may be artificially fossilised."

I then added the following details concerning a

few experiments of my own with solutions con-

taining silicate of soda :

—

" In an experiment in which about ten minims of the weak

solution of iron pernitrate and seven of sodic silicate solution

were added to an ounce of distilled water, the fluid was boiled for

fifteen minutes, and the neck of the flask was then hermetically

sealed during ebullition. Some semi-gelatinous, reddish-yellow

flakes were deposited during the ebullition. The vacuum being

still well preserved, the flask was opened on the 35th day, when

the reaction of the fluid was also found to be still slightly acid.

On one of the above-mentioned flakes there was found a minute

whitish mass about the size of a small pin's head, which, on

examination, was seen to consist of a myceHal tuft, having small

but perfect filaments, though without any trace of fructification.

The filaments themselves were about xttoo" ^^ diameter, but

varied slightly in size, and contained a minutely granular proto-

plasm without dissepiments. The numerous branches came off

at right angles, and the whole organism had all the appearance

of being a living fungus."

"The other silicate solutions in which organisms have been

encountered were quite different in composition. They have

been prepared by adding to one ounce of distilled water three

grains of ammonic phosphate and about eight minims of sodic

silicate solution. Such a mixture always had a slightly alkaline

reaction, and it was sometimes used in this condition and some-

times after it had been rendered neutral or very slightly acid by

the addition of a few drops of dilute phosphoric acid. The
addition of the phosphoric acid seemed, however, to modify the

result very much, since four slightly alkaline solutions with which

experiments have been made have proved entirely barren, whilst three

out of five solutions whose alkalinity had been neutralised by the

acid, either contained organisms or spiral fibre masses. In all

cases the solutions were boiled ^ for from three to five minutes,

^ The silicates are held in solution very feebly, and, unfortunately,

Q
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and the necks of the flasks were hermetically sealed during this

process, and after the expulsion of all air. One flask, which had

been prepared six months previously, and whose vacuum was

ascertained to be scarcely if at all impaired, was found, when
opened, to contain a fluid which still had a very slightly acid

reaction. The numerous bluish-white flakes which it contained

presented almost the same appearance as at first. Amongst these

was found a minute whitish mass, about a line in diameter, made
up of very delicate mycelial filaments, partly twisted around a

cotton fibre. Near the centre of the mass was a large, brown,

flagon-like body, about 2^" ^" diameter, from all parts of the

surface of which issued the mycelial filaments whose ramifications

went to constitute the rest of the mass. One or two smaller

growths were also found attached to some of the flakes, as well

as several distinct spore-like bodies of different sizes—mostly of a

brownish colour, and having thick walls with granular contents.

A group of fine spore-like bodies was also found ; these being

larger {^^-^" in diameter) and colourless, rather than brown.

Their nature was altogether uncertain."

"A solution with an alkaline reaction which had been prepared

at the same time, and opened after a similar interval, revealed no

trace of spore-like bodies, or of organisms ; and two other solu-

tions containing sodic silicate and ammonic bichromate, whose

periods of preparation and examination were also similar, were

similarly unproductive. All four solutions had been prepared

with distilled water taken from the same bottle."

Preparation of the Sohitions.

All my recent work with these and other closely

related solutions tends to confirm this fact of the

great importance of the reaction of the fluids

employed. Those which are very slightly acid

have been found to be more productive than other

are in part precipitated, by the process of ebullition, in the form of

bluish-white, cloud-like flakes, which show, on examination with high

powers of the microscope, a very minutely granular composition.
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solutions similar, except that they contained a

drop or two less of the dilute phosphoric acid, or

what comes to much the same thing, a little more

of the alkaline sodium silicate. The boiled acid

solution will be productive, while the boiled slightly

alkaline fluid is much more likely to be barren—again

contradicting the data of Pasteur, founded on his

more limited experience with this class of experi-

ments. When I began in 1906 to repeat such experi-

ments I did not at first attach sufficient importance

to this point, and the result was that a considerable

number of the tubes in which the fluids were slightly

alkaline yielded negative results.

This point is, indeed, so important that great care

is necessary in preparing the solutions. The ordin-

ary sodium silicate solution is so tenacious that Mr
Martindale ^ has mixed the quantity sent to me with

equal parts of distilled water. This at first forms

a very opalescent fluid, but in the course of

an hour or less the solution becomes a clear, watery-

looking liquid. In the preparation of the experi-

mental fluids, the same dropper has been used for

the silicate of soda solution and for the other two

fluid chemicals employed (namely, the dilute phos-

phoric acid or the liquor ferri pernitratis), when one

or other of these has been required ; though it has

been cleaned with distilled water each time before

being used for a different fluid. With the dropper

employed, ten drops of water exactly equalled ten

minims as measured ; and the same was found to be

1 of 10 New Cavendish, W., from whom my chemicals and dis-

tilled water for these experiments have always been obtained.
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the case with ten drops of the dilute phosphoric acid

and ten drops of the iron solution ; but the drops of

the sodium silicate mixture were smaller, so that ten

of them only equalled seven minims of water. The
different ingredients, whether solid or liquid, were

added to freshly distilled water, and the experimental

vessels were then at once charged, sealed, and heated

to this or that temperature. When cool, the tubes

were exposed either to diffuse daylight or to a

temperature of about 95° F. in an incubator, for

varying periods ; and always for weeks or months

rather than for days.

Examination of the Fhtids.

In all the cases in which sodium silicate enters

into the composition of the experimental fluids there

is a more or less abundant deposit, such as is shown

in the experimental tube represented in Fig. 1 2 ; but

even after weeks or months have elapsed there is

absolutely nothing to show to the naked eye, or to

the naked eye aided by a good pocket lens, whether

the tube does or does not contain living organisms.

In the case of an organic infusion, if organisms

appear, the fluid in the course of a feiv days

becomes cloudy or actually turbid, owing to their

rapid growth and multiplication ; or if that does not

occur (as when the fluid has been much superheated,

and what I have termed^ a "smouldering fermenta-

tion " is all that is set up) a small amount of sediment

gradually collects where none previously existed.

1 Journal of the Linnean Society, No. J2> [^ooL], p. 3.
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But in these sodium silicate solutions the supernatant

fluid invariably remains perfectly clear, month after

montA, though Bacilli, Micrococci, or Torulae may be

swarming in or upon the flakes at the bottom of the

tube.

Another very important difference is this. In the

organic infusions a large proportion of the organisms

found will exhibit very active movements, but in the

sodium silicate solutions the orgranisms are invari-

ably motionless, scattered through or upon the flakes,

and apparently originating where they are found.

This holds good for Torulse as well as for Micro-

cocci and Bacilli, and must be regarded as a very

important point when we see these motionless

organisms occurring singly, as well as in small

groups, throughout the flakes. When hundreds and

often thousands of these motionless organisms are

thus to be seen ; and when it is borne in mind that

no organisms whatever are to be found within other

of these tubes (serving as " control " experiments) if

their contents are examined within a day or two
after they have been heated, what conclusions are

we to draw? If organisms are not there at first,

after the process of heatings and if after an intei^val,

they are there in abtmdance and ai^e invariably

stationary, cleaidy they imist have developed in the

sites where they are found.

Is there any chance of contamination having taken

place after the heating.-^ None. The procedure has

been this. The end of the tube has been cut off,

and if the orifice is narrow some of the deposit is

shaken out on to a clean microscope slip, which
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has just been sterilised by passing it four or five

times through the flame of a spirit lamp, and the

deposit is at once covered by a cover glass, which
has been similarly treated. If organisms are found,

they are generally photographed at once, or else

after they have been stained by drawing a drop of

a solution of eosin or of gentian violet beneath the

cover glass. In case the specimen is reserved for

future more careful examination, or with a view to

see whether the organisms found will develop

further, the cover glass is at once surrounded with

some paraffin melting at about 105' F.—which will

sometimes prevent evaporation for several weeks,

and allow Bacteria or Torulae to multiply, or

the latter to develop hyphse, and thus remove any

lingering doubt as to whether the organisms are

or are not really living.

Where the aperture of the tube is larger, the only

variation is that some of the deposit is withdrawn

from the tube by a pipette, which has just been

sterilised in the flame of the spirit lamp, and from it

transferred to the sterilised microscope slip.

With the solutions which I shall name presently,

organisms will generally be found in the first one or

two specimens taken from the tube, because I shall

refer only to the solutions which have been found to

be most productive. As I have said, the organisms

will all be motionless, but their numbers, looking to

the character of the fluids employed, will clearly

testify to the fact that they must have developed

within the tube after it had been heated—moreover,

in the specimens mounted as I have described, the



EXPERIMENTS WITH SALINE SOLUTIONS 247

organisms will often be found to multiply beneath

the cover glass, and in the case of some Torulae,

instead of continuing to divide, they may begin to

develop hyphse, on their way to the formation of the

characteristic mycelia of common Moulds.

Still, a word of warning is required concerning the

examination of deposits taken from saline solutions

generally. Bodies are frequently met with simulat-

ing Micrococci and Diplococci, and even Bacilli and
Torulse, which are yet nothing more than lifeless

inorganic concretions—they are really incipient or

abortive crystals. These bodies are especially

common in the flakes of silica where the solutions

have been heated to high temperatures, and have

subsequently been kept for several weeks before

their examination. In some cases they most
closely simulated Micrococci or Bacteria, and they

have been distributed through the flakes in just the

same manner that real Micrococci or Bacteria are

distributed in other cases.

These high temperatures cannot be borne even

by saline solutions without some amount of change

and degradation taking place, as evidence of which

I may cite the following facts, though, of course,

many other changes that occur would not be of a

kind to reveal themselves by any visual characters.

In two tubes which contained a weak though

perfectly clear solution of ammonium carbonate

and sodic phosphate, after being exposed to 165° C.

for 20', the fluid was noted at the time to have be-

come " rather turbid and to contain a distinct white
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curdy deposit "
; while in two tubes which contained

an oriorinallv clear solution of boric acid with

ammonium phosphate, after a similar heating the

fluid was found to have become " rather turbid, with

a comparatively large amount of a fine whitish

sediment." Again, specimens of sea-water heated to

1 60° C. for twenty minutes, "became opalescent,

and several small whitish shreds were to be seen in

each of three tubes." In other cases no such change

has occurred, though here, as in the instances above

cited, the tubes were composed of the same kind

of soft German glass. It is needful to mention this,

because other experiments have shown that the use

of different kinds of glass may also alter the results

of mere heating. Thus, recently, three tubes con-

taining- fresh sea-water were heated at the same time

to 120^ C. for ten minutes. Two of the tubes were

of common glass, and in them the sea-water after the

heating was found to have remained quite clear and

free from deposit ; while in the third, which was of

uviol glass, the fluid was full of very minute glitter-

ing iridescent scales. Again, a faintly acid sodium

silicate solution, after having been heated to 100° C.

for ten minutes in a uviol tube, showed at first no

apparent deposit of silica, and only a very little

appeared later on ; and, when the fluid was examined

on the fourteenth day, it was found to be slightly

alkaline, rather than appreciably acid, as it should

have been in a tube of common glass.
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The Solutions employed and the Results of
their Examination

I restrict myself here to the mention of those

saline solutions whose employment in my experi-

ments have yielded more or less uniformly positive

results. They are variants of the solutions already

referred to as having been experimented with in

1871-72, in reference to the question whether silicon

could or could not replace carbon in the constitution

of protoplasm. For the present it need only be

noted that in the solutions themselves carbon did

not exist, except it might be in the form of some

impurity contained therein—either in the distilled

water, or in one or other of the chemicals employed.

In each case, however, silicon was provided and

present, in order that it might possibly take the

place of carbon in any organisms that appeared in

the solutions.

The first solution dealt with was one containing

sodium silicate, ammonium phosphate, and dilute

phosphoric acid. At first these ingredients were

used in the proportion of six drops each of the

first and third, and six grains of the second to the

ounce of distilled water. Later, after some com-

parative trials with different strengths of such solu-

tions, each of which was inoculated with Bacteria,

simply to test the relative virtues of the solutions

as mere "nourishing" fluids, I was induced to use

four drops and four grains, in the place of six,

to the ounce of water. In each case this gfave
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a fluid which was faintly alkaline, and the results

with them have not been so successful, at all events

for the production of Bacteria, as when I diminished

the amount of the silicate, and thus rendered the

solution faintly acid. The first solution I recom-

mend, therefore, is this :—

A. Sodium silicate, two, or three, drops.^

Ammonium phosphate, four, or six, grains.

Dilute phosphoric acid, four, or six, drops.

Distilled water, one fluid ounce.

Another is the solution containing a rather larger

amount of sodium silicate, its composition being as

follows :

—

AA. Sodium silicate, four, or six, drops.^

Ammonium phosphate, four, or six, grains.

Dilute phosphoric acid, four, or six, drops.

Distilled water, one fluid ounce.

The next solution is one containing sodium silicate

and pernitrate of iron, two varieties of which have

been used, the first of them having a faintly acid and

the second a slightly alkaline reaction. Their com-

position is as follows :

—

B. Sodium silicate, three drops.^

Liquor ferri pernitratis,^ eight drops.

Distilled water, one fluid ounce.

BB. Sodium silicate, six drops.

^

Liquor ferri pernitratis, eight drops.

Distilled water, one fluid ounce.

1 In using the very convenient mixture with equal parts of distilled

water and sodium silicate, these numbers must, of course, for that

ingredient, be doubled. See p. 243 also concerning the dropper.

2 Double the number for the dilute solution.

3 Of the British Pharmacopoeia.
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Of these two the latter has principally been em-

ployed, as I have only more recently made some

trials with the former solution.

In speaking of the results obtained in the different

experiments now about to be detailed, as well as in

those to be recorded in the next Chapter, it will be

convenient to refer to the solutions merely by the

capital letters by which they are preceded.

I at first made some tentative experiments in

which the vessels were not hermetically sealed.

Small two-ounce flasks were employed, provided

with new corks. The flasks were not flmnbds ;

they were simply cleaned with distilled water. A
small wedge-like portion was cut out from the lower

border of each cork, so that when the flask was

charged with its experimental fluid and was being

heated the cork might be, in a measure, purified by

the steam issuing from the flask. This was brought

about by placing the cork loosely in the neck of the

flask, so as to allow the steam to find an exit

between it and the nick in the cork. When the

solution had boiled for the requisite time, and while

still boiling, the neck of the flask was grasped with

a large wooden forceps, while the cork was firmly

pressed home. In vessels so prepared I have seen

ebullition continue for six or seven minutes, when a

cold object was applied to the upper part of the

flask. Later on, air makes its way into the flask,

either through the cork or in minutest bubbles

between it and the neck of the flask, as may be

seen on examination with a lens. This method
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was adopted rather than the use of flasks the

necks of which were plugged with cotton-wool,

because it permitted samples of the silica to be

taken from time to time with a sterilised pipette,

for examination, with rather less risk of contamina-

tion than would have resulted from the withdrawal

and replacement of plugs of cotton-wool.

Reference will be made to a few of these experi-

ments (which can be so easily repeated by others),

because organisms undoubtedly occur in them rather

more freely than they do in superheated and hermeti-

cally sealed vessels ; and yet that this is not due to

infection seems shown by the fact that just the same
kind of organisms that are met with in the one case

are also found in the other, as I shall subsequently

show—the difference being that they are rather less

abundant, and appear after a longer interval, where

closed tubes and high temperature have been had

recourse to.

An interesting point not yet mentioned is, that

the organisms found in these particular solutions

containing silica, when heated to high or compara-

tively low temperatures are, in part, organisms of a

somewhat unusual character, of which I can find no

description in bacteriological works.

Restilts obtained with Saline Sohitions which had

previously been heated in Corked Flasks to

1 00° C. for teit minutes.

In Plate II., Fig. 5, A, a number of Bacteria, to-

gether with two or three Torulae, are seen, which
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were found abundantly in and on flakes of silica,

taken from a boiled A solution in a corked flask,

that had been exposed to diffuse daylight, during

bright and warm weather, for only two weeks.

While in Fig. 5, B, there is shown, from an AA
solution which had been exposed to light for two

months, during colder weather, what I have very

frequently seen—that is, a Torulse corpuscle sur-

rounded by Bacteria. At other times, groups of

such corpuscles, with surrounding Bacteria, are to

be seen, as in Fig. 5, C, which was found in another

flake of silica from the same solution.

In Fig. 6 a number of comma Bacilli or

Vibriones are shown, such as were found on the

surface of flakes of silica taken from an A solution

which had been exposed to light for three weeks.

In a BB solution that had been exposed to light

for only fourteen days, during hot weather in the

month of June, a number of rather large colourless

Torula corpuscles, some of which are shown in Fig.

7, A, were found, either singly or in groups, rather

sparingly distributed through the flakes of silica.

Associated with the Torulae there were some small

groups of Micrococci.

Other brownish Torulae corpuscles are shown in

Fig. 7, B, which were taken from a B solution that

had been exposed to light for two weeks during warm
weather. They had a tendency to grow in single rows,

or in groups of rows, as shown in the figure.

Torulae have generally been found distinctly more
frequently in flasks that have been exposed to light

than in those which have been placed in a dark
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incubator—where, however, they would also be

exposed to a much higher temperature.

In the next plate organisms of a very unusual

character are shown, which were found in a BB
solution that had been in the incubator for about

fourteen days. By that time it, and the deposit

contained therein, had assumed a red-brown colour,

instead of being, as usual, of a pale yellowish tint.

From being slightly alkaline, too, the fluid had

become distinctly acid. In the granular matter of

the flakes there were a number of groups of free

Micrococci, but mixed with them were others

contained in distinct loculi. In their early stages

these bodies are shown in Plate III., Fig. 9, A and

B. In A a single loculus is shown, stained with

eosin and containing several Cocci ; while in B
three of the loculi, unstained, are to be seen.

Ultimately they go on to the production of large

sponge-like masses, one of which is represented

in Ficr. 8. In these large masses the walls of the

loculi are often very indistinct, and they tend to

disappear, as may also be seen from Fig. 10.

In this latter specimen another very unusual

character is found—that is, the development from

the Cocci of long and generally much twisted

threads. This development of threads sometimes

occurs from the Cocci contained in single loculi, an

example of which is shown in the stained specimen

represented in Fig. 9, C, from which two threads are

issuing.

In the next chapter I shall have to show loculated

Micrococci of the same kind, which had been taken
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from sealed tubes previously heated to 130" C. for

twenty minutes. No such bodies are to be found

depicted in any of the bacteriological works to

which I have referred. The loculi are, of course,

something like what is to be found in Leuconostoc,

which Lehmann and Neumann say (loc. cit., p. 123)

"is only a Streptococcus, with, at times, enormously

thick capsules." One of its forms, too, is spoken of

(p. 151) as assuming a " frog-spawn "-like mode of

growth, which, on an extremely minute scale, is not

unlike what is to be seen in Fig. 8. But then in our

organism the contents of the loculi are Micrococci

and not Streptococci. No such twisted threads are

known to issue from Streptococci—nor, indeed, pre-

viously from any other Cocci, so far as I have been

able to ascertain. The threads seem to be provided

with no dissepiments ; they are, therefore, not like

the mycelia of a Mould, and seem to resemble much
more closely the filaments of an Actinomyces. These

are surely new organisms found in a new habitat

—

and it may well be asked, whence have they come ?

Results obtained with Saline Sohttions which had
previously been heated in hermetically Sealed

Tubes to 100° C. for ten mimites.

We now come to experiments of a stricter order,

where previously sterilised tubes have been used,

which, when charged with the experimental fluids,

have been hermetically sealed, before boiling them

in a can of water for ten minutes.

In one of these tubes, charged with some of the
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A solution, that had been exposed to light for

five weeks, the flakes of silica were found to be

crowded with Bacteria mixed with inorganic con-

cretions, rather more refractive, but otherwise very-

difficult to be distinguished from the many soli-

tary micro-organisms. When these latter, however,

have multiplied much in any one place so as to

form groups (which were numerous) such as are

shown in Plate IV., Fig. ii, their nature become

perfectly plain. The Bacteria may be seen in such

groups in different stages of development. Only one

specimen was taken from this tube, and in that no

other kind of organism was found.

In another tube charged with the AA solution

which had been exposed to light for five weeks,

during the same period, many Bacteria and a few

Torulae were found distributed through the flakes

of silica ; while on the surface of some of them

there were many groups of more or less twisted

organisms, such as are represented in Fig. 12,

which seem to be motionless Vibriones. These

bodies were, in other places, mixed with organisms

such as are shown in Fig. 13, that must be

regarded either as branching Bacilli, such as are

depicted by Lehmann and Neumann in Plate

61, Fig. viii., of their " Principles of Bacteriology,"

or else as incipient specimens of Actinomyces.

In another tube charged with the AA solution

and exposed to light for five weeks, in addition to

Bacteria there were found in the flakes a number

of minute incipient Moulds, such as are shown in

Plate v.. Fig. 14. In A the little Mould seems
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connected with a body, at one extremity, of doubt-

ful nature, though the other extremity is bifurcated

—the longer of the two branches tapering away
out of focus. In B the more usual form of these

commencing Moulds is seen—in which both ex-

tremities taper away from a more expanded middle

portion.

In another tube charg-ed with some of the same

AA solution the fluid was first boiled over the

flame for about three minutes, so as to expel all

air ; the tube was then sealed during ebullition, and

subsequently boiled for seven minutes in a can of

water. This airless tube was then exposed to

light for five weeks by the side of the other. On
examination the flakes of silica were found to be

crowded with cocci-like particles, though no distinct

Bacilli were seen. It was impossible to decide from

their appearance whether the separate cocci-like

particles were organic or inorganic in nature. But

I think it most probable that the majority of them

were inorganic. There were, however, a few

Torulae to be seen here and there, together with

a small number of incipient Moulds in different

stages of growth. Three very early stages of

these are shown in Fig. 15, A, B, and C. In B
there is a body like a corpuscle at one extremity,

as in Fig. 14, A. It is probably an inorganic

particle in both cases. In Fig. 15, D, a com-

paratively long Mould is shown from another of the

flakes, which was slightly twisted so that much of

it is out of focus, though both its tapering extremi-

ties are distinctly shown. These bodies certainly
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originate from no Torulae corpuscle. They seem to

develop from some minute primordial particles.

After two samples of the flakes had been abstracted

with a sterilised pipette, this tube was closed—now,

of course, containing air—and was put aside in a

box for three weeks. When examined again after

this interval, some of the flakes of silica showed

numerous groups of rather large and very typical

Micrococci, such as are shown in Fig. i6, though

the fluid above the deposit remained, as usual,

perfectly clear.

Three other experiments previously made with

the AA solution in airless retorts, which had been

heated to ioo° C. for fifteen minutes and subse-

quently exposed to light for about two months,

also showed either Bacteria alone or these mixed

with a few Torulse, in the flakes of silica. The
experiments made in 1871, in which organisms

were found, as recorded on an earlier page of this

Chapter (p. 241), were also made with airless flasks
;

so that none of the organisms found in either of these

vessels could have derived carbon from the carbonic

acid existing in the air, seeing that the great bulk

of this had been expelled from the tubes, and that

the organisms were, moreover, found only in the

silica lying at the bottom of the tubes, and there-

fore far away from the surface of the fluid.
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CHAPTER XX

FINAL DECISIVE EXPERIMENTS

ALTHOUGH the fluids in the experiments

recorded in the last chapter were only heated

to loo^ C. for ten minutes, we must not forget what

the bacteriologist tells us concerning the potency of

such a temperature for the destruction of Bacterial

life. A few quotations will make this plain.

W. H. Park in his "Pathogenic Organisms"

(1906, p. 451) says: "Whenever water is sus-

pected, and there is any doubt as to the filters,

it should be boiled for ten minutes; this will

destroy all bacteria. This precaution should

always be taken in the presence of typhoid fever

and Cholera Epidemics."

George Newman in "Bacteria" (1899, p. 81)

says :
" There is but one perfectly reliable method

of sterilising water for household use, viz. boiling.

As we have seen, moist heat at the boiling-point

maintained for five minutes will kill all bacteria and

their spores."

Thresh and Porter, again, in " Preservatives in

Food and Food Examination" (1906, p. i), say:

" Nearly all bacteria are killed when submitted

to a temperature of about 65° C. for a short

time, although their spores are not destroyed
259
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unless heated to ioo° C. or over for a few

minutes."

It must be borne in mind that in the experiments

last recorded we were dealing with sterilised tubes

containing distilled water, and two or three chemical

ingredients practically free from micro-organisms,

yet after the sealed tubes had been exposed to the

temperature of loo"^ C. for ten minutes, and had

subsequently been kept for a few weeks exposed

either to diffuse daylight or to the heat of an

incubator, they have been found, on examination, to

contain multitudes of micro-organisms. The micro-

organisms, too, have been, in part, of such a kind

(Torulse and Cocci) as are well known to be killed

at temperatures ranging from 60-75° C-' ^^^ although

some Bacilli also have been present (known to be

destroyed at similar temperatures), there is no reason

whatever for supposing that the distilled water or either

of the three chemicals employed would have contained

the more resistant spores of Bacilli. These are,

moreover, as I have shown, resistant only after a

previous desiccation, and to a much more limited

extent than is generally supposed.

No loophole for doubt must, however, be left.

Although I have used freshly distilled water, in

which no one has yet found spores of Bacilli, let us

deal with our problem as though this distilled water

might contain such organisms and their spores as

are to be met with in ordinary tap-waters, or even

in hay infusions. We have seen that after prolonged

researches on this subject the present sub-director of
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the Pasteur Institute has declared, in regard to these

spores in all such fluids, that "A temperahi7^e 0/ ii$°

C. sterilises them completely and most rapidlyy Our
final trials must, therefore, be directed to ascertain-

ing what results can be obtained with the different

saline solutions, dealt with in the last chapter, when
they have been exposed to temperatures ranging

from 115 -130 C

Results obtained with Saline Solutions which had

pi^eviously been heated in herm,etically Sealed

Tttbes to 115° C. (239° F.^ for ten minutes.

The experiments now to be referred to have all

been made with A and AA solutions. In these

experiments, as well as in others in which higher

temperatures have been employed, the sealed tubes

have invariably been placed in the calcium chloride

or the oil bath, when this was cold, so that the

tubes and their contents have been heated gradually

with the bath, till the desired temperature has been

attained.

At the expiration of the ten minutes the tubes

have been removed from the bath with a large

wooden forceps, and allowed to cool. They have

then been cleaned, labelled, and either placed in an

incubator at 95° F., or exposed to diffuse daylight

at a temperature which has sometimes been 35

^

or even 40° F., lower than this. Yet, at the

expiration of five or six weeks, when the contents

of the tubes were examined, living organisms have

been found in those tubes exposed to the latter
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conditions, to be quite as numerous, sometimes more
numerous, than in those that have been exposed in

the dark to the much higher temperature of the

incubator.

In all these solutions the supernatant fluid above

the deposited silica remained perfectly clear. When
the end of the tube had been cut off at a level

sufficient to admit the passage of a wide-mouthed

pipette, the latter (after sterilisation) was introduced

into the tube, so as to remove some of the flakes of

silica, and deposit them on a clean microscope slip

for examination.

In a flake taken from one of these tubes that had

been exposed to light for five weeks, there is shown

in Plate VI., Fig. 17, A, one of numerous small

aggregates of Bacteria that were seen scattered

through it. Around these aggregates were multi-

tudes of solitary Bacteria and Micrococci, together

with a comparatively small number of obviously

inorganic particles or concretions. A few short

chains closely resembling Streptococci were also

seen.

In Fig. 17, B, a portion of a large aggregate of

Bacteria and Micrococci is shown (under a lower

magnification) which, with others, was found in a

similar tube except that it was composed of uviol

glass. Solitary Bacteria, and also small groups of

them, were scattered through the flakes, while the

obvious inorganic concretions were very much more

numerous than they were in the tube previously

examined, though it had been prepared at the same

time, and had been similarly exposed to light for five
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weeks. No Streptococci, Torulse, or incipient

Moulds were seen in the deposit from this tube,

though a number of long and much twisted Bacilli

were found.

Both these tubes contained the A solution, while

the two to which I am now about to refer were

charged with the AA solution and, instead of being

exposed to light, were kept in the dark incubator

for five weeks. In and on the flakes of silica

taken from one of them multitudes of minute

Bacteria, mixed with a sparing number of long

Bacilli, were found, such as are shown in Fig.

1 8, A ; while here and there, on the edges of some

of the flakes, aggregates of Micrococci were found,

like those that are to be seen in Fig. 18, B. A few

incipient Moulds were also found, though these were

more numerous in a companion tube, similarly

charged and exposed, to which I am about to refer.

Incipient Moulds have already been shown in

Figs. 14 and 15, taken from solutions that had

been heated to 100° C. only, and subsequently

exposed to light ; and now we shall meet with very

similar bodies, taken from tubes heated to higher

temperatures, and exposed either to heat or to

light.

In Plate VI., Fig. 19, A, a very early stage of

three of these Moulds is to be seen, while in B a

part of a much more developed specimen is shown.

The tapering nature of the extremity on the left

may be recognised, while that on the right (not

shown in the photograph) was very similar. In

Fig. 19, C, a more highly magnified specimen is to
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be seen, and the Mould is shown to be commencing
from a group of refractive particles, very similar to

what are to be seen in the mid-portions of Fig. 21

in the next plate. Such particles may be seen also

in Plate V., Fig. 15, A and B, in the substance of

the incipient mycelia there represented.

Restilts obtained with Saline Sohitions which had
previously been heated in hermetically sealed

Tubes to 120° C. (248° F.) for ten mimites.

One of the tubes charged with some of the AA
solution that had been heated as above indicated,

was examined after it had been in the incubator for

six weeks. Numerous groups of Bacteria and

Micrococci were found in and on the flakes of

silica, both in small and in rather large aggregates.

Incipient Moulds were also found, though they

were rather scarce. A portion of one of the large

aggregates of Bacteria is shown in Plate VII.,

Fig, 20, and one of the Moulds in Fig. 21. This

latter was rather a remarkable specimen. It is

shown in A under a low magnification, in order that

both the filiform extremities may be seen ; while in

B the greatly expanded median portion, containing

many refractive particles, is better seen, since it has

been more highly magnified.

Another tube, charged at the same time with some
of the same solution and heated in the same bath,

was exposed to light rather than placed in the

incubator. Its contents were also examined at the

expiration of six weeks, and in the first flakes of
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silica abstracted from the tube more numerous, as

well as longer, groups of Bacteria were seen, and

also several incipient Moulds, whose hyphse were

twisted and slightly branched, such as are shown
in Fig. 22, A and B. These small Moulds were

distinctly more numerous, and much more developed

in this tube which had been exposed to light than

were those taken from the companion tube, that

had been in the incubator, and quite 35° F. hotter.

Results obtained with Saline Sohdions which had
previously been heated in hermetically sealed

Tubes to 125° C. (257° /\) for ten mimctes.

One of the tubes with the A solution, and heated

as above indicated, was exposed to light for five

weeks, when it was opened and some of the flakes

of silica were withdrawn with a sterilised pipette.

They were found to be crowded with Bacteria,

isolated and in small aggregates, one of the latter

of which is shown in Plate VIII., Fig. 23. The
inorganic concretions distributed through the flakes

were numerous, but quite small and often impossible

to be certainly discriminated from isolated Bacteria

or Micrococci. No Torulse or incipient Moulds were

found.

A companion tube prepared at the same time

with some of the same solution, similarly heated

and similarly exposed to light for five weeks, was

also examined. The flakes of silica were found to

be absolutely crowded with very large inorganic

concretions such as are shown in Plate XII.,
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Fig. 38, and no living thing of any kind could

be discovered in any of the flakes examined. The
only known cause of this remarkable difference was

the fact that this A solution had been heated in a tube

of uviol glass, and had subsequently been exposed to

lio-ht therein. The combined result was this remark-

able change in the flakes of silica, and the non-

appearance of any living thing.

An ordinary tube that had been charged with the

AA solution and heated as above, was exposed

to light for six w^eeks. On examination a large

amount of silica was found to have been deposited,

and the flakes were large. They were found to

contain comparatively few of the organic particles,

and those that existed were small. Small groups

of Bacteria were seen, some of them with what

appeared to be a Torula corpuscle in their midst,

as shown in Plate VIII., Fig. 24, A, similar to

what had been found in some of the earlier tentative

experiments (see Plate IL, Fig. 5). A few separate

Torulse were also seen, one of which, as shown in

Fig. 25, A, was germinating.

The inorganic particles were far less abundant in

this AA solution in common glass than they were

in the A solution above referred to, in which all

the conditions were similar except that one solution

contained rather more silica than the other. These

facts, as well as that above referred to in reference

to the extraordinary change produced in the A
solution when heated in and exposed to light in a

uviol tube, are important as showing the different

effects produced by high temperatures upon the
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media themselves, when they are slightly different

in constitution or have been exposed to slightly

different conditions. See also p. 274 and PI. XII.

in reference to this point.

In another tube charged with the AA solution

which, after superheating, had been kept in the

incubator for six weeks, there was a similar paucity

of inorganic concretions distributed through the

flakes. Bacteria were also very scarce, and only

a few incipient Moulds were seen. One of these is

represented in Fig. 25, B, while another much

more developed specimen is shown in C, a portion

of which (to the right of the centre) being invisible

owing to its being below the proper focus.

In two specimens of the B solution which had

been heated to 125° C. for ten minutes, and subse-

quently kept in the incubator for five weeks, no

distinct organisms were found, though there were

a number of bodies of uncertain nature. One of

these is shown in Fig. 24, B. Another exactly like

it was seen, together with many smaller bodies of

like kind, of different sizes, without the bud-like

outgrowth or projection.

Results obtained with Saline Solutions which had
previously been heated in hermetically sealed

Tubes to 130° C. (266° F.) for twenty mimites.

Two tubes having been charged with the AA
solution, were exposed to light for the first three

months, and after that were placed in the

incubator. The contents of one of them was
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examined after the tube had been in the incubator

for one month. There were many cocci-hke par-

ticles in the flakes which may have been all in-

organic, as no Bacilli or distinct aggregates of

Bacteria were seen. A very few Toruls, either

single or in small groups, were found, but there

were a number of long bent filaments, such as are

shown in Plate IX., Fig. 26. They had in places,

and when more highly magnified, an appearance

suggestive of Streptococcal threads, though they

were more like what Lehmann and Neumann in

their " Principles of Bacteriology " describe as

"Torula threads" {loc. cit. Fig. i, r).

I determined to leave the companion tube in the

incubator for another six weeks, and then, on exam-

ination of its contents, these peculiar threads were

found to be not only much more numerous, but also

here and there aggregated into much larger masses,

one of which is shown in Fig. 27. There had,

therefore, been a considerable growth and develop-

ment of these threads during the extra time in which

the tube had been allowed to remain in the incuba-

tor. There were also a few bodies looking like

Torulse, either solitary or with a single bud, and

mostly showing a nuclear particle. Still none of

them were vegetating, and there were no groups.

I was not sure, therefore, that they might not be

inorganic products.

These tubes charged with the AA solution, which

had been heated to a higher temperature, and had

been maintained at that temperature also for a

longer period than in any of the other experiments
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recorded in this Chapter, were purposely left exposed

to light for a longer period, and subsequently placed

in the incubator ; because several other tubes con-

taining such a solution, that had been similarly

heated to 130° for 20', on examination, after

shorter periods of exposure, had been found to

be barren.

These particular superheated tubes had been ex-

amined earlier, because in the first experiment I

performed this year with similar chemicals similarly

heated (though in slightly different proportions),

the result had been very successful. On opening

this tube after seven and a half weeks and examin-

ing some of the flakes of silica, plenty of Bacteria

were found, and also a number of delicate Torulae,

both solitary and in groups, such as are shown in

Fig. 28. Unfortunately I do not know the exact

proportion of the different ingredients employed in

this preliminary trial with such a solution heated

to 130° C. for 20', and subsequently exposed to light.

But in no experiment since performed with an AA
solution heated to such a temperature have I been

able to obtain similarly successful results, as far as

Bacteria and Torulse are concerned.

I now have to refer to some remarkable experi-

ments in which the BB solution, or a slight varia-

tion of it, has been employed ; and in which longer

periods of exposure to light and heat have been

generally had recourse to.

In the first two of these experiments to which I

shall refer there were six rather than eight drops of
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the liquor ferri pernitratis to the ounce of distilled

water (together with six drops of the sodium silicate

solution). In the first experiment the tube was of

soft German glass, while in the second a uviol tube

was employed.

The sediment in the first tube was of a pale yellow-

ish colour, and the fluid above was of the same tint

and slightly opalescent. When opened, after an

exposure for twelve weeks to diffuse daylight, the

fluid was found to be slightly acid. On examination

of some of the sediment three small mycelia were

found, with rather broad hyphse. No unmistakable

Torulse or Micrococci were seen, but there were a

large number of Vibriones in many places, thickly

scattered through the substance of the small granular

flakes of which the sediment was largely composed.

Some of these bodies, slightly stained with gentian

violet, are shown in Plate X., Fig. 29, A, while in B
unstained specimens are to be more dimly seen

diffused through the substance of a granular flake.

These bodies were almost exactly like those shown

in Plate IV., Figs. 12 and 13.

The tube was closed after two specimens had

been taken from it with a sterilised pipette, and was

then left in a box for five weeks, when its contents

were again examined. There seemed to be a

distinct increase in the number of the Vibriones, but

no other change was recognised, so the tube was not

kept longer.

After the uviol tube had been exposed to light for

twelve weeks, it was placed in the incubator for

another two weeks, and was then opened. The
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fluid and sediment were similar to the last in appear-

ance, but the reaction of the fluid was neutral. On
microscopical examination of some of the sediment

a single small incipient Mould was found, while

Vibriones, as in the last tube, were fairly numerous

in the substance of the granular flakes. No other

organisms were found, and the tube was not kept

loneer for further observation.

In the next two experiments to be referred to the

ordinary BB solution was used. Both tubes were of

the ordinary German glass. The fluid and sediment

presented the same appearance as before. One of the

tubes was opened after it had been exposed for twelve

weeks to daylight during very hot weather (from June

ist to August 25th). The reaction of the fluid was

faintly acid, and in the first two samples of the sedi-

ment examined I found many aggregates of Vibriones

such as are shown in Fig. 29, and also many groups

of Micrococci, both free and loculated. From some

of the groups of free Micrococci filaments, either

straight or twisted, were seen growing ; while the

loculated Cocci, the early stages of which are shown

in Fig. 30, A and B, were almost exactly like those

represented in Plate III., Figs. 8, 9, and 10, from a

similar solution that had been heated only to 100° C.

in a corked flask. One very large sponge-like mass

of such loculated Micrococci was also found embedded

in, and somewhat obscured by, the substance of a

granular flake. This is represented, under a lower

power, in Fig. 30, C. In the lower right-hand

border its constituent groups of Micrococci can be

best made out.
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After these two samples of the sediment had been

abstracted with a sterilised pipette, the tube was

again closed and put away in a box (at the ordinary-

temperature of the air) for another eleven weeks.^

When opened on November 1 2th the fluid was found

to be neutral rather than slightly acid, and was

swarmino- with organisms of different kinds. There

was a ofreat increase in the number of the Vibriones,

and also of the Micrococci both free and loculated.

One of the large groups of the former is shown in

Fig. 31, A, partly stained with eosin. There were

also groups having all the appearance of Sarcinae,

one of which is shown in B. Lehmann and

Neumann say {loc. cit. p. 151): "It is our con-

viction that the Sarcina is connected with the

Micrococci by unbroken transition forms," and the

appearance of the groups of Sarcinae here found

certainly lent support to this view, Torulae were

also found, such as are represented in Fig, 32, B,

together with one small mass of Mould about the

size of a small pin's head, from which myriads of

hyphce were issuing in all directions, some of

which, at the periphery of the mass, are shown in

Fig. 32, A, The advantage of leaving tubes con-

taining such a solution a very long time before they

1 In reference to what follows, it is well that certain facts concerning

the paucity of micro-organisms in the air should be borne in mind, as

recorded by an eminent bacteriologist, Dr Allan Macfadyen, in a

Friday evening discourse at the Royal Institution in June 1900 (see

Proceedings^ vol. xvi. p. 451)- Speaking of a special investigation

made by himself and Mr Lunt, he says :
" In the open air of London

there was on an average just one organism to every 33,300,000 dust

particles present in the air ; and in the air of a room, amongst

184,000,000 dust particles, only one organism could be detected."
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are opened was thus fully shown. It is impossible

for me to believe that contamination of the fluid had

occurred by the passage into it of the sterilised

pipette, or from its brief exposure to air. The fluid

itself remained free from organisms ; these, as usual,

being found only in and on the substance of the

flakes of sediment, lying at the bottom of the tube.

A companion tube containing some of the same

BB solution, which had been prepared and heated

at the same time to 130° C. for twenty minutes, was

opened and its contents examined on July 13th—that

is, after only six weeks. The first sample of the

sediment taken from this tube with a sterilised

pipette showed many groups of Micrococci, both

free and loculated, and also some Torula corpuscles.

A drop of eosin was slowly drawn beneath the cover

glass, so as partly to stain the organisms, and sub-

sequently several photographs were taken from this

single specimen of the sediment. The tube itself

was at once resealed, and subsequently left in a box

for another six weeks at the temperature of the air

—

which was mostly over "jo" F. for some weeks.

The loculated Micrococci found in the first drop

were exactly like those shown in Figs. 30 and 9.

One of the large groups of free Micrococci, together

with three Torula cells, all stained of a deep red by the

eosin, are shown in Plate XI., Fig. 2)Z^ A; while

another group of free Micrococci, only a few of

which are stained, is represented in B, from two of

the units of which partly stained filaments are pro-

ceeding. From another small group of free Micro-

cocci two much twisted filaments were seen issuing,

s
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as shown in Fig. 34. These filaments are only

dimly seen at their origin from the Cocci, in the

photograph, owing to their being, at this point,

rather out of focus.

When this tube was opened and examined again,

after the six weeks, very many groups of Torulse were

found in a specimen of the sediment taken therefrom,

and from the groups of Torulse many short hyphse

were issuing. Several good photographs were ob-

tained of different groups after they had been stained

with eosin, one ofwhich is shown in Fig. 35. It seems

clear that the Torulse seen there, under a lower

magnification, are just such bodies as were found

when the tube was first opened (see Fig. 33, A, x

700). Some of the aggregates of Torulae were

small, but others were much larger, showing that

they had multiplied considerably before beginning

to throw out hyphse. In a stained specimen—where

the cover glass had been surrounded by paraffin—

I

found, when it was examined two days later, that

some marked specimens of the Mould had grown in

the interval, notwithstanding the eosin : the hyphae

being very distinctly longer than they were when first

seen.

I have already alluded to the changes produced

by high temperatures on different saline solutions

(p. 266), and as a sequence it seems well to give

some illustrations showing something of the effects of

different degrees of heat upon flakes of silica taken

from some of the A solution, and when exposed to

light in tubes of different kinds.
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In Plate XII., Fig. 36, a portion of a flake is

shown that had been heated a few weeks before

only to 100° C, which was crowded with Bacteria,

together with only a comparatively small number of

inorganic particles. The specks seen in the photo-

graph are principally organic units; in other parts

of the flake they were associated with Torulse.

In Fig. 37 a portion of a flake from an A solution

which had been heated to 130° C. for ten minutes,

and subsequently exposed to light (during rather

cold weather) for five weeks, is shown. All the

flakes were absolutely crowded with large and small

inorganic concretions, and no living organisms of

any kind were found.

In Fig. 38 a portion of a flake is seen from a tube

that had been charged with some of the same solu-

tion, and had subsequently been heated to 125° C.

only, for ten minutes. The tube had been exposed

to light side by side with the last, and also for a

period of five weeks. The concretions in the flakes

were extraordinarily large and numerous, and again

no organisms could be found. Apart from the tem-

perature to which this tube had been exposed

having been rather lower, it differed from the last

only in the fact that the tube was composed of uviol

glass. The change in the flakes of silica is, there-

fore, to be regarded as the combined eff'ect of the

high temperature, together with the subsequent

action of light through this glass.

^

^ The researches of Prof. Quincke seem to indicate another possible

cause of difference of a recondite character. Thus, in a recent paper

in The Proceedings ofthe Royal Society (No. 521, A, p. 67) he says :

—
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I am disposed to think that the A solution bears

high temperatures worse than the AA solution. I

have heated very few of the former to 130° C,
but many specimens of the latter, and in none of

them have I found a great crowd of large inorganic

particles such as are shown in Fig. '^']. In some of

the solutions, indeed, the flakes of silica have scarcely

shown any such particles—many of them in these

cases presenting only a uniformly fine granular tex-

ture, such as may be dimly seen in Figs. 25 and

28.

It seems clear, therefore, that just as solutions

of organic matter are degraded by high tempera-

tures, so are saline solutions liable to be altered

iri very different ways ; till at last there comes

a limit to the possibility of obtaining results which

appear freely enough at lower temperatures. Certain

it is, that in none of these saline solutions containing

silica have I, as yet, been able to find living organ-

isms in tubes that had been heated to temperatures

above 130° C. It may be, of course, that longer

periods of exposure to light might lead to different

results.

I have, however, had some remarkable results

with sea-water heated to 135° C, and even to

" A liquid does not possess constant and unchangeable properties at

the same temperature and pressure. All liquids in nature form allo-

tropic modifications, such as have been known in the case of sulphur,

phosphorus, iron, etc. SucJi an allotropic 7nodification is formed in

larger quantity, the more quickly the fluid is cooled." Some of my
tubes after heating, when taken from the bath, have been left to cool

slowly, though others have been purposely cooled more quickly, before

cleaning and labelling them. No record, however, was kept of such

slight differences in treatment.
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150° C, in which Bacteria, Micrococci, Streptococci,

and large refractive Torulse have been found, and

when mounted and surrounded with paraffin, with

all the care previously indicated (p. 246), all these

organisms have multiplied beneath the cover glasses.

Moreover, large numbers of Staphylococci have
similarly multiplied beneath the cover glasses on
two occasions—though never during the whole year

have I once seen these latter organisms under any
other conditions.

Still, on other occasions, tubes containing sea-

watejf that have been heated to such temperatures

have remained barren. My experiments with this

fluid have been limited in number and not sufficient

to enable me to account for the very different results

obtained on different occasions. I determined, there-

fore, not to reproduce the photographs of organisms
obtained from sea-water, and to limit myself in this

work to an account of the remarkable results ob-

tained with solutions containing sodium silicate as

a principal ingredient.

Before making some final statements concerning

the major problem with which we have hitherto

been concerned, a subordinate though highly in-

teresting question in reference to these experiments,

in which silicon has been present and carbon has

been ostensibly more or less completely absent, must
again be referred to.

The question is whether we are to consider that

silicon, whose chemical properties are so very closely

allied to carbon, and, like carbon, first appears in
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some of the hottest stars, can take its place, wholly

or in part, as one of the constituents of protoplasm.^

I do not pretend that my experiments afford any

distinct proof that such a substitution is possible

—

since carbon may have been present in the solutions,

in the way of some accidental impurity, either in the

distilled water or in the chemicals employed.

Still, the experiments recorded in this and in the

last chapter are very suggestive that such a sub-

stitution may be possible, when we bear in mind

(a) the freedom with which Moulds will grow in

and on the surface of colloidal silica, as originally

observed by Roberts and Slack, and subsequently

by myself; and when (d) we recognise that minute

Moulds and other Micro-organisms will appear within

closed tubes containing the solutions in question,

though these have previously been exposed to high

temperatures. It may be said that in such cases

the organisms, if from no other source, have been

capable of taking their carbon from the CO^ of the

air within the tube ; but against this supposition,

in the case of the sealed tubes, there is the fact

(c) that the organisms are invariably found away

from the air, in or upon the flakes of silica which

collect at the bottom of the tube ; and that for

month after month they are to be found there only,

^ According to Ostwald ("Inorganic Chemistry," translation, 1904,

p. 425), "The largest part of the earth's surface is composed of silicon

dioxide, or of its compounds : over a quarter of the solid crust of the

earth is formed by silicon." And in regard to the silicates of the

alkali metals, which go by the name of 7vaUr glass, he says (p. 427) :

"These sahs are readily obtained by fusing quartz with the hydroxides

or carbonates of the alkali metals."
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and never free, in the strata of water intervening

between the flakes and the air. There is the further

fact (d) that the organisms appear almost, if not

quite, as freely in tubes from which the air has

been expelled by boiling as in those containing

air.

Taken together, these facts seem to me to make
out a very strong presumptive case in favour of the

view that silicon is capable, to some extent, of taking

the place of carbon in protoplasm.^

Interpretation of the ExpejHmental Results.

In regard to the cardinal fact of the appearance of

organisms in the experiments that have just been

^ Recently I had the pleasure of showing my photographs to, and

discussing this question with, Sir William Ramsay, when he kindly

gave me the following statement concerning " bodies analogous to

hydrocarbons," in which silicon occurs, and to another compound in

which silicon in part replaces carbon :

—

" CH4, Marsh gas. C2Hg, Ethane.

SiH4, Siliciuretted hydrogen. Si2He, Silico-ethane.

" The hydrocarbons run up to CgoHgj, though no higher compound
of silica is known than Si2H6. But there are compounds in which

silicon in part replaces carbon : e.g. Silico-nonane.

Nonane = C9H2o-

Silico-nonane= SiC8H2o-"

Then, again, Leucone, SiH405, and other allied compounds of

silicon, hydrogen and oxygen are referred to by Wohler {Ann. der

Chim. und Pharm., cxxvii. p. 457) ; while Friedel and Ladenburg have

shown that there is a silicic chloroform, SiClgH (ordinary chloroform

being CCI3H), and also a tribasic silicic ether, SiH {C^H^O)^, as well

as other allied bodies in which silicon exists as one atom of each com-

pound. They succeeded likewise in producing an oxychloride of sili-

con, and other more complex members of the same series {Co^nptes

Kendus, t. Ixvi. pp. 539 and 816),
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recorded, this seems only capable of receiving one

interpretation. All the old objections to the notion

of their de novo origin have again been fairly met.

The organisms found have undoubtedly been living,

and they have occurred in tubes which had been

Hambds, before they and their contents were sub-

mitted to lethal temperatures.

It is now generally admitted, as we have seen,

that all micro-organisms, in their full-grown con-

dition, are killed by the briefest exposure in fluids

to 1 00° C.—to say nothing of lower temperatures.

The spores of Bacilli are recognised as the only

products of micro-organisms capable of resisting

such an exposure. Yet, as we have found, various

other forms that are admitted to be killed at 100° C.

can, and do, constantly appear within closed vessels

which have been heated to this temperature for ten

to twenty minutes. This applies, among other less

known forms, to Bacteria, Vibriones, Micrococci,

Streptococci, Torulae, and other germs of Moulds.

When these organisms appear under such conditions,

therefore, we can only conclude that they must

have been evolved de novo.

In regard to ordinary Bacilli, the position, as we

have seen, is different. These particular forms

possess "spores," which, at all events after they

have undergone desiccation, are capable of resisting

a higher degree of heat. The extent of their powers

of resistance has been differently estimated, but after

prolonged researches in the Pasteur Institute, the

point was formerly fixed by the master himself at

110° C, and later, after two years' work, could only
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be raised by his assistant to 1
1

5" C. At this point, it

is proclaimed, all the spores of ordinary Bacilli are

completely and rapidly killed. Noting by the way
that even this temperature is much higher than

Bacilli spores were shown to be capable of with-

standing in my direct experiments (see pp. 71-86),

and, further, that such bodies are little likely to be

found in the freshly distilled water, or in either of

the chemicals made use of in my experiments ; let

us, for the present, accept this temperature of 1 15^ C.

as needful to destroy all the products of ordinary

Bacilli.

But, as we have seen, such bodies, as well

as Vibriones, Cocci, Streptococci, Torulae, and

other germs of Fungi, have appeared within our

experimental vessels when they have been heated

for from ten to twenty minutes to temperatures

ranging from 1
1

5^ to 1
30° C. These organisms which

we have seen to be living—which developed and

multiplied—must, therefore, have been evolved de

novo. What other answer is it possible to give ?

All the bacteriologists throughout the civilised

world during the innumerable researches they

have carried on for the last five and thirty years

have only been able to find certain so-called

" Thermophilic Bacilli " in the soil that are capable

of resisting higher degrees of heat than 115° C.

Yet these low organisms, which are said never to

be found even in tap-waters, and a fortiori not in

recently distilled waters or in either of our chemicals,

have, according to Christen (see p. 85), never shown
signs of life after they have been exposed to



282 THE EVOLUTION OF LIFE

"125° to 130° C. for five minutes and longer; to

135° C. for one to five minutes; or to 140" C. for

one minute."

The moist resistant forms of these spores of the soil

Bacilli, when examined by W. H. Park, succumbed,

however, at temperatures lower than this. He says

they were destroyed "by exposure for twenty-five

minutes in steam at 113° to 116° C, and in two

minutes at 127° C." ^

It comes to this, then, that all the organisms found

in my experiments, with the exception of Bacilli, are

such as would be killed at 100° C; that these latter,

so far as they could by any possibility be found

within my tubes, should have been killed at 115° C,
yet Bacilli, as well as Bacteria, Vibriones, Micro-

cocci, Streptococci, Torulae, and other Fungus-germs,

dying under 100'' C, have been taken in large

numbers from tubes that had been heated to 115°-

130° C, for from ten to twenty minutes.

Elsewhere, I have said,^ " we have in reality two

distinct and more or less independent methods for

attacking the problem as to the present occurrence

of Archebiosis—that (a) by experi7nent with super-

heated fluids in closed flasks ; and {b) another less

recognised method, that of mere observation, aided

by high microscopic powers, of what occurs in thin

films of suitable unheated organic fluids. This latter

method calls attention to, and thoroughly exposes

the fallacy of, the common belief that the occurrence

1 "Pathogenic Micro-organisms," 2nd Edition, 1906, p. 45.

* "The Nature and Origin of Living Matter," 1905, p. 158,
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of 'spontaneous generation,' is opposed to the

universal experience of mankind. It shows that

what is supposed to contradict this common experi-

ence Hes altogether outside, and, of necessity,

completely beyond the range of ordinary human
experience. Nobody with unaided eyes could ever

have witnessed the birth from fluids of invisible

particles, by which ' spontaneous generation ' of

living matter must always commence, if it commences

at all. And, even when aided by the most powerful

microscope, nobody could decide when the minimum
visible particles appear in the field of view, that such

particles have proceeded from invisible germs of pre-

existing organisms, rather than from a primordial

synthesis of living units. But in regard to this

latter point, I have already shown that absolutely

no logical or consistent reason exists for a disbelief

in the present occurrence of Archebiosis." There is,

it was stated, " no vestige of evidence to show that

under favourable conditions the process may not be

continually taking place all around us."

But what is assumed to be continually taking place

in free nature—in ponds, lakes, rivers, the sea, and in

innumerable other sites—must be regarded as a

process far more easily brought about than can ever

be possible under the very restrictive conditions

which can alone exist in our experimental vessels,

where we have to do with small quantities of fluid,

more or less degraded by a preliminary heating,

and enclosed within small glass vessels. Yet, as I

have endeavoured to show in this work, by all the

evidence recorded in Chapters x.-xii. concerning
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the thermal death-point of Hving organisms and

their germs, together with my new experiments

with saHne solutions, the evolution of living things

is capable of occurring even under such unfavour-

able conditions.

We are bound to conclude, in fact, that there

must be in nature a distinct proclivity to the forma-

tion of living matter. We are almost driven to such

a conclusion when we see the freedom with which

it can be produced in a simple inoculated solution

of ammonium tartrate in distilled water (see p. 235).

There we have the growth and multiplication of

very varied micro-organisms occurring under condi-

tions so simple as to be almost incredible. Now,

aeain, we are confronted with facts hard to be

believed and difficult to understand—yet incontest-

able—when we find varied forms of Bacteria and

Torulse appearing plentifully in hermetically sealed

tubes which have been submitted to a scathing

degrree of heat—far more than is sufficient to

destroy all other known forms of like kind. They

are not there at first after the tube has been

heated ; though after a time they are to be found

in abundance. But they are invariably motionless,

and must, therefore, have developed in the sites

where they are found.

The wonder too is enormously increased when

we think of the simplicity of the media in which

this life-giving process occurs. The simplicity of

the conditions, in fact, for the "origination" of life

in my latest experiments, is only equalled by the

simplicity of the conditions sometimes sufficient for
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the "growth and multiplication" of already existing

living things—as shown by their rapid increase in

the simple ammonium tartrate solution in distilled

water : in which at least seven different kinds of

micro-organisms were found growing side by side/

Other Confirmatory Evidence

A related de novo production of similar organisms

by Heterogenesis I have elsewhere proved to occur.

That is, just as in the superheated tubes, where liv-

ing Bacteriae were previously non-existent, such units

can be made to appear ; so they can be made to

appear within the substance of pre-existing living

things that were previously germless : and there also

they develop from particles so minute as to be pre-

viously invisible. Reference may be made to two

such cases—one occurring within the tissues of a

vegetable, and the other within those of an animal.

It was strongly held by Pasteur that the cells of

healthy plants are germless, and this view is still

generally regarded as true. Bacteriologists cannot

obtain evidence of the existence of micro-organisms

in cells taken from the centre of a healthy potato or

turnip, and yet Bacteria can be caused to appear in

these situations, although adequate precautions are

taken against infection. The method I have adopted

is as follows :

—

A small new potato is first well washed in water,

then it is put into a screw-top bottle contain-

ing a 10 per cent, solution of formalin, and allowed

^ See Knowledge ana Scientific News, Aug. 1905, p. 200.
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to soak therein for twenty minutes, the fluid being

occasionally shaken, so as to cover the whole in-

ternal surface of the bottle. The solution is next

poured out, leaving the surface of the potato and

the bottle wet with the antiseptic fluid, and the cover

is tightly screwed on. When this method was em-

ployed there was never the slightest indication of

any contamination of the surface of the potato
;
yet

after it had been left for a number of weeks in this

closed and aseptic bottle micro-organisms were often

found (after careful search) within multitudes of

closed cells—that is when sections were taken from

central regions of the potato, but not from peripheral

portions which had been acted upon by the anti-

septic fluid. Representatives of such organisms as

well as of others obtained from the cells of a turnip,

preserved in such a way as to be absolutely free

from all chances of external contamination, are to

be seen in my work " Studies in Heterogenesis,"

Plate XVIL, Figs. 193-197, and also in "The Nature

and Origin of Living Matter," Plate II., Figs. 4, 5, 6.

In all such cases the micro-organisms seem first to

show themselves as motionless specks in the prim-

ordial utricle of the closed cells, and the specks

develop into such Bacilli as are shown in the

figures. The fact that the first things to appear

within the closed cells are mere motionless o-erms

suffices of itself to negative the possibility of in-

fection. Mere motionless germs could not infect.

Vegetable cells can only be penetrated by adult

organisms capable of secreting toxins for killing

the cells, and a cytase for softening their walls.
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Infecting- Bacteria must be endowed also with

mobility in order to be enabled to penetrate the

cell wall which they have previously softened.

The only other possibility, apart from hetero-

genesis, of accounting for the appearance of the

Bacteria within the closed cells would be the

supposition that germs of micro-organisms have

been "latent" within the cells. But of this no

proof has ever been given. Bacteriologists fail to

find evidence of their existence, and the verdict of

science has, in fact, been adverse to this supposition.

Let us now take another case and one in which

the development of Bacteria from ultra- microscopic

particles can be watched stage by stage. In Cyclops,

a little water-flea, the abdominal appendages are

furnished with a number of spines or setae, in the

interior of which only structureless protoplasm is

to be seen, free from granules. This protoplasm is

so clear that it has a glass-like appearance. When
one of these little creatures is placed in a drop of

distilled water on a microscope slip, and a covering

glass is applied, it soon dies. We may then examine

some one of the larger spines from day to day. At
the end of a couple of days, when the specimen is

kept in a damp chamber and the weather is warm,

instead of protoplasm free from all visible particles,

such as originally existed, there is the first appearance

of some minute motionless specks, which gradually

increase in number and in size till some of them
show themselves as motionless Bacilli. About the

sixth day, some of these Bacilli begin to exhibit the

first signs of movement, and soon we have a seeth-
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ing mass of such organisms in the substance of the

still intact spine.

How, again, are we to explain these appearances?

The spine has a chitinous envelope which could not

easily be penetrated by active full-grown organisms,

much less by motionless germs, even if these existed

in the distilled water. Thus infection from without is

here again scarcely to be thought of. We see motion-

less specks appear and slowly develop into motion-

less Bacilli. To assume the pre-existence in the

protoplasm of the spine of multitudes of ultra-

microscopic germs, for no other purpose than to

stave off a belief in the de novo origin of Bacteria, is

surely neither scientific nor permissible. And yet

my critics hint only at the existence of "latent

germs," without attempting to offer any evidence

of their existence, or of any previous belief in this

direction. Truth-seekers are thus left with a simple

choice : either {a) a belief in the existence of latent

germs independently of all evidence; or (b) a belief in

the de novo origin of Bacteria on very cogent evidence.

In my work, " The Nature and Origin of Living

Matter," Chapter ix., other instances of this de novo

origin of Bacteria by heterogenesis are cited, and

in all such cases what can be seen is this—particles

becoming visible in the midst of more or less homo-

geneous protoplasm, such particles being invariably

motionless, but followed soon by their development

into definite Bacteria or their allies, recognisable as

such by their shapes and modes of collocation.

There is, therefore, in all such cases an appearance

altogether different from that of adult organisms in
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a state of activity, such as would be seen if we had

really to do with a case of infection.

The similarity in the mode of origin of the

Bacteria and Torulse through the flakes of silica

in my recent experiments, to that which occurs in

these processes of heterogenesis is therefore very

striking—we have always the minute motionless

specks, gradually becoming visible and taking on

characteristic shapes, just as crystals do as they

separate from their parent media, and just as the

doctrine of evolution would seem to require. In

reference to this fact of the new-born units developing

into well-known forms—which some find so difficult

to understand—the following remarks, made else-

where, may be quoted :
—

^

"There would be, in fact, just as much reason why the new-

born organism should develop into the form of one already in exist-

ence, as there would be that the crystal of sulphate of soda which

forms to-day in a solution of that substance should resemble that

which formed under similar conditions twelve months or a hundred

years previously. He who believes in the uniformity of natural

phenomena could anticipate no other result. Living matter,

which we believe to be now produced de tiovo, speedily shapes

itself into some well-known form ; and so also new crystalline

matter, which may have been produced synthetically by the

chemist in his laboratory, falls habitually into one or other of the

known crystalline systems."

" It seems, therefore, no more wonderful that the simple Mould
that develops de novo to-day should resemble another which

develops from the spore of a pre-existing organism, than that a

crystal forming independently to-day in a saline solution should

resemble another which is capable of arising by the growth of a

fragment detached from a similar pre-existing crystal. In all these

^ " The Nature and Origin of Living Matter," 1905, p. 287.

T
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cases there is a similarity of product, because the crystalline or

organic form produced is to be regarded as the physical expression

of the harmonious actions which have led to its production

—

because the forms are the results of a physical necessity, and not

of a mere blind chance."

Recent observations have indeed shown that the

absolute constancy in regard to the form of crystals

is far more strict than was previously supposed.

Thus A. E. H. Tutton in an interesting article on

"The Study of Crystals" says:i "One of the

main results of recent investigation has been to

prove that the beautiful exterior shapes of crystals,

as defined by the geometrical angles between the

numerous truly plane natural facets, rather than by

the relative development of those planes, is an in-

variable and characteristic property of the substance

composing the crystal, by which that substance can

be identified from all the countless other substances

which are known to exist." Moreover, he adds,

" the refractive power and the behaviour of the

crystal in polarised light afford immediate evidence

of identity almost as valuable as the angles between

the natural facets."

The constancy of these properties in crystals in

accordance with their molecular composition and

structure is an interesting fact, when we consider

that crystals are always born anew—that heredity

has nothing whatever to do with their properties.

Similarly, I would say that the Bacteria and Torulae

that are ever being born anew can owe nothing to

heredity, but that their shapes and properties must

1 The Times, Engineering Supplement, Sep. 19, 1906, p. 298
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be solely due to their ultimate molecular com-
position.

And when we think of the marvellous molecular

complexity of protoplasm, and the innumerable

variations of isomeric type that would be possible in

new-born living units, we may see our way, in a

measure, to understand the existence of such countless

transitional variations in form and in property as

are to be found among Micrococci, Streptococci,

Staphylococci, Bacteria, Bacilli, Vibriones Spirillse,

etc.—and such as bacteriologists describe in their

text-books.

My point of view is that these multitudes of varied

forms and properties may be found in new-born
living units, altogether apart from heredity

;
just as

the multitudes of new-born crystals, when they

appear, have their own exact angles between their

facets, and their own optical characters, whenever
they are formed under similar conditions and at

whatever intervals of time. There is one important

difference, it is true, between the two kinds of units.

The simpler molecular composition of the crystal,

which is a statical aggregate, does not predispose to

change ; while the infinitely more complex molecular

architecture of the living unit favours change in form

and in property under varying external conditions,

as bacteriologists have long ago found—though with-

out such change in conditions they continue to

"breed true."

I have, however, elsewhere endeavoured to show,

not only, that Bacteria of different kinds, Torulse and
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Moulds often originate de novo by heterogenesis, but

that "various simple Algae, Diatoms, and Phytozoa

may take their origin from alien sources ; and that

a similar heterogenetic origin is most frequently met

with for Amoebae, Actinophrys, Flagellate Monads,

Peranemata, and even Ciliated Infusoria.^
"

These views of mine, as the results of oft-repeated

observations, are, I would submit, in accordance

with the present-day existence of vast multitudes of

loivest organisms of all kinds on the face of the earth.

No consistent explanation of their presence can be

given by those who will not accept my facts. They

have been frequently challenged to do so, but they

never attempt to furnish an answer to the following

considerations {loc. cit. p. 299) :—

-

"If all the forms of life that have ever existed

upon the surface of the Earth have been derived

from the primordial forms which took origin by

natural synthetic processes occurring only in an

incalculably remote past, no adequate and consistent

explanation would be forthcoming of the undoubted

existence at the present day of the teeming multi-

tudes of such lower organisms as have been above

referred to. For if the assumed gradual develop-

ment of higher forms of life, during past geologic

ages, has been largely due to the intrinsic mutability

of living matter, as the Evolution hypothesis assumes,

would it not be a stultification of that hypothesis to

suppose that such primordial forms as Bacteria,

Torulse, Monads, Amoebae, and Ciliated Infusoria

have remained practically unchanged, and in these

" The Nature and Origin of Living Matter," p. 299.
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low grades, for untold millions of years ? Yet those

whose views are at present most widely accepted

would have us believe that ages and ages before the

advent of Man or his immediate predecessors upon
the earth, the ancestry of the Bacterium, the Amoeba,

the Monad, the Mould, or any of the low infusorial

animalcules now to be seen in their respective

habitats, had been tenants of our globe. The mere
suggestion seems to carry absurdity on its face. If

this were really so, then we could only expect that

such forms would be the very types of conservatism

and stability ; whereas, as a matter of fact, all such

organisms are rather the best types of change and

mutability. . . . It is impossible to say that they

have preserved their primitive forms by reason of

their existence in unchanging environments. The
very reverse of this must have been the fact ; and

even now such organisms are to be met with

abundantly over the face of the earth, and in the

most diverse situations. . . . But in accordance with

the views advanced in this work, the present-day

existence of these organisms may be fully ex-

plained, and is just what might be expected

—

if they are ever seething up anew by Archebiosis

and Heterosrenesis."





PART VI

THE RELATION OF MY WORK AND VIEWS TO
MODERN BACTERIOLOGY

CHAPTER XXI

THE RELATION OF MY WORK AND VIEWS TO

MODERN BACTERIOLOGY

SINCE this, in all probability, is to be my last

contribution to the subject discussed in the

present volume, and as many misconceptions exist

in reference to the relations of my work and views

to modern bacteriology, it seems fitting that I should

say something here on this subject ; and should,

moreover, explain why during a long series of years

I have devoted so much of my leisure time in

attempting to throw light on this question of the

Origin of Life—why during recent years I have, in

fact, again taken the subject up with renewed vigour,

though knowing well that, for the present, I should

meet with little other than unsympathetic and hostile

criticism.

My interest in the question has all along been

twofold—partly from the point of view of the

biologist, and partly from that of the pathologist

and physician.
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The fascination of the subject from the biological

standpoint has in a general way been indicated in

this volume, though it has been more fully considered

in my work on " The Nature and Origin of Living

Matter," where I have attempted in Chapter xiv to

show how needful is the recognition of the reality of

Archebiosis and Heterogenesis from the point of view

of the Doctrine of Evolution ; and what light a belief

in the occurrence of such processes is capable of shed-

ding upon the past history of our earth, as well as

upon the meaning of the existence almost every-

where at the present day of swarms of the lowest

forms of life, which ought otherwise (that is, apart

from the processes in question) to have wholly dis-

appeared ages and ages ago.

Let us look here, however, briefly to the question

why, from the point of view of the physician and the

pathologist, my interest was originally roused to

consider this problem, and why my original point of

view still impresses me as strongly as ever, notwith-

standing all the remarkable advances that have

been made in bacteriological science—which many,

wrongly enough, consider to be adverse to my views.

In reality, as I shall show, there is no necessary

antagonism between my facts and views and modern

bacteriological discoveries.

But how needful it is for me to explain my position

may be gathered from the fact that the reviewer of

my " Studies in Heterogenesis," in one of the leading

medical journals, said that the book was " the best

possible statement of the case against the claims of
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modern bacteriology." This was the dictum of the

reviewer, his a priori point of view, though in that

volume I had said not one single word tending to

minimise the enormous value of bacteriological

work. Again, in another important journal the

reviewer said, " If, on the other hand, Dr Bastian

be correct and the microbes of definite diseases can

arise de novo either from harmless organisms'^ or

from unorganised matter, then practically all current

ideas on the modes of dealing with epidemic diseases

must be abandoned, and an unhappy world must

bow before the malevolent caprices of nature."

This, as I shall now attempt to show, is untrue in

fact, and absolutely contrary to the implications

naturally following from my facts and doctrines.

Bacteriologists, almost if not quite universally,

regard the low organisms with which they are con-

cerned as capable of arising only from others of like

kind, and since it has been shown that there is a

constant relation between many of these organisms

and definite diseases—that the diseases are, in fact,

often actually caused by them—the notion has

gradually become strengthened that such diseases,

which possess the property of being contagious, can

no more arise de novo than the organisms by which

they are caused. Thus ultra-contagionist views are

regnant, and the frequent de novo origin of infectious

diseases, in which I have always believed, is denied.

A late distinguished president of the Royal College

of Physicians, whom we all revere, a short time since

gave his sanction and adherence to the popular

^ No italics in original.
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view when he said^ : "If I can trace contagion in a

very large number of the so-called specific diseases,

I consider it more reasonable to assume contagion

in the minority than look about for another cause."

And he went on to say that, as many of these

diseases are associated with the growth and multi-

plication "of living specific organisms" a belief in

the de novo origin of these contagious diseases would
" imply also a belief in spontaneous generation."

This latter view, although it is so prevalent, is

surprisingly fallacious.

There can be no doubt, of course, that the estab-

lishment of the reality of " spontaneous generation
"

must certainly have a very potent influence in gradu-

ally breaking down the notion that communicable

diseases, simply because they are associated with

"specific" micro-organisms, cannot arise de novo.

If such organisms can arise de novo, of course the

diseases could arise de novo ; and, further, the fact of

such an origin for microbes would easily carry with

it the certainty that they would be extremely mutable

under the influence of changing conditions, though

otherwise capable of " breeding true."

Still, independently of a belief in the spontaneous

generation of microbes, there is another and simpler

way by which the " specific " micro-organisms may
enter upon the scene. This mode seems to have

been lost sight of by the distinguished authority to

whom I have last referred, while it was mentioned

only to be repudiated by the second reviewer above

quoted. Yet bacteriologists themselves have gradu-

1 The Lancet, Oct. 31, 1903.
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ally found that microbes are extremely mutable, and

that the barrier, formerly supposed by many to be

impassable, between what are known as non-patho-

genic and pathogenic organisms respectively,, has

been gradually broken down. The development of

their science has been steadily giving rise to a great

change of view in this respect, as it is now quite

easy to show. But if the common " harmless organ-

isms " referred to in the Sattcrday Review article,

could in any way be gradually transformed so as to

take on new properties identical with those possessed

by the organisms associated with this or that con-

tagious disease, a way would be found for the de

novo origin of such diseases, though there would

only be transformation of organisms, by whose aid,

when thus modified, these same diseases might be

spread indefinitely from person to person.

That these are not my views only, but those of

bacteriologists high in authority may be easily shown.

It will be easy also to adduce instances in which such

processes are believed to occur.

Prof Hueter said long ago,^ " Although it is

impossible not to recognise the specific modes of

activity of micro-organisms in the production of

infective diseases, we need not on that account

deny that there is a certain unity in all these

micro-organisms, I am of opinion that this unity

is founded upon the processes of putrefaction, and
that Ike specific modes of activity nittst be regarded

1 "Transactions of International Med. Congress," 1881, vol. i.

P- 329-
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as depending upon certain alterations in the putre-

factive process^ Prof. Hueppe of Prague has also

quite recently expressed the very similar view that

the origin of all common infectious diseases is

" phylogenetically traceable to putrefactive pro-

cesses." 1

If we turn again to one of the best modern books

on this subject, the " Principles of Bacteriology," by

Lehmann and Neumann, we find the following

important statements (1901, pp. 11 8- 119), "The
division of bacteria into pathogenic and non-patho-

genic, etc., as is still always done in text-books,

has failed absolutely. We can understand and
know the pathogenic varieties only if we study

simultaneously the non-pathogenic, from ivhich the

former have once originated and still always origi-

nated They say also, "We certainly believe it

belongs to the future to convert varieties of bacteria

into others in a manner scarcely to be imagined

to-day. The forms of the Micrococcus pyogenes

are convertible into each other ; the Bacterium

pyocaneum and Bacterium fiuorescens can indeed

almost certainly be converted into each other ; and

similar statements regarding typhus and coli, diph-

theria and pseudo-diphtheria, etc., are always still

looked upon with scepticism, but the possibility,

nay even the probability, can scarcely be contested

any more."

Let me now cite a few illustrations of these

1 Harben Lecture, in The Journal of State Medicine, Nov. 1903,

p. 641.
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doctrines in connection with some important in-

fectious diseases.

Elsewhere I have given an account of very

conclusive evidence showing that some of the

forms of Septicaemia have been experimentally

demonstrated to arise from common micro-organ-

isms, and yet, when thus established, they are found

to be associated with so-called " specific " organisms,

capable of acting as contagia for the spread of these

diseases to other animals. What actually occurred,

and its significance, was thus referred to :
^

—

" The production of two different forms of septi-

caemia by the inoculation of some of the same

putrid material into different sites is a matter of

the greatest importance. The putrid blood under

the skin gives rise to one form of specific micro-

organism and contagious disease ; while two or

three drops of the same putrid blood introduced

into the peritoneal cavity of a similar animal give

rise to swarms of a different organism and the

development of another contagious affection. The
differences in the inflammatory processes in the two

situations are capable, that is, of transforming some
common micro-organisms into two quite different

specific Bacilli." Here, then, we have a striking

illustration of the views originally expressed

by Professor Heuter and more recently by
Hueppe.

There is reason to believe, again, that the so-called

typhoid Bacillus of Eberth is only a modification of

an extremely common putrefactive organism. Thus
1 "The Nature and Origin of Living Matter," 1905, pp. 316-320.
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Rodet and Roux say/ " The organisms described

under the names bacillus coli communis and the

bacillus of Eberth belong to the same pathogenic

species, of which they form two varieties removed

one from the other when they present their classical

characters, but related the one to the other by a

series of intermediate forms." Dr McWeeney, the

bacteriologist of the Local Government Board in

Ireland, has also said,^ "He did not believe that

there was an essential distinction between the

typhoid Bacillus, and the Bacillus coli communis

"

which is habitually to be found in the intestine.

These bacteriologists agree, therefore, with Leh-

mann and Neumann, who say such a transformation

"can scarcely be contested any more." Under

what particular set of conditions the one form passes

over into the other is at present unknown—though

there is much very strong evidence, as many be-

lieve, tending to show that typhoid fever occasionally

arises de novo. It occurs, that is, in isolated cases,

under conditions in which it is almost impossible to

believe that contagion can have been operative.

An epidemic of Diphtheria recently occurred on

Dartmoor, in the neighbourhood of Frincetown,

which was carefully investigated by Dr Deene
Sweetinof of the Local Government Board. His

report is valuable from the light that it throws

on the de novo origin of this contagious disease

—

especially as previous reports concerning other

epidemics of the same malady by skilled investi

^ Lyon Medicale, 1891, Ixviii. p. 325.

^ Lancet, 1896, i. p. 995.
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gators have testified to much the same mode of

origin. No single factor of unwholesomeness at

Princetown could be pointed to as having been

associated with the observed incidence of the

disease ; but the clue to an explanation was afforded

by a general prevalence of much and marked sore-

throat in the district, and by the tender age of the

children first attacked. Dr Sweeting says :

—

" There seems, therefore, reason to suspect that

diphtheria was evolved amongst young children

from previous minor sore-throat in the village, and

developed itself in the infants' class at the school

;

that the disease thus set up was kept going by

assemblage of susceptible children at school, and

by the further reinforcement of sore-throat when

the school was closed ; and [the disease] was spread

by infection from person to person at school and

elsewhere."

Further, in a recent able communication by Dr
Hubert Biss on the " Borderlands of Diphtheria

and Scarlet Fever," written after a large experience

in a fever hospital, we find him saying,^ " The
nuances between these conditions— scarlet fever,

diphtheria, and tonsillitis—arc so gentle that each

shades off into the other not at one but at many
points." And quite lately he has reiterated his

view that the two diseases, scarlet fever and

diphtheria, are to some extent interchangeable.

He says,^ " But there was no question of theory.

The metamorphosis actually took place. Scarlet

^ 7 ke Lancet, 1903? ii- P- 1296.

^ Brit. Med. Journ., 1906, ii. p. 895.
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fever patients infected their friends with diphtheria,

and diphtheria patients in their turn infected their

friends with scarlet fever." He is so positive as

to what he has observed, that he speaks of the

transformation as "an estabHshed fact."

Of course, if this is true in regard to the genera-

tion of diphtheria from common sore-throats under

certain conditions ; and if a diphtheria patient may
at times give rise to contagia which set up scarlet

fever in another, we have practically a de novo origin

for this latter disease also ;
^ and in each case it can

only be supposed that minute transitions in the

activities or properties of the micro-organisms con-

cerned must have occurred; so that so-called common
or non-pathogenic organisms in the throat have been

converted into pathogenic forms, and that, among
these, under special conditions, other variations have

been brought about, leading to an apparent trans-

formation of one disease into another.

Lehmann and Neumann again, in their " Prin-

ciples of Bacteriology," call special attention to the

probable mode of origin of that fearful scourge Pest,

more commonly called Plague. They cite it as

affording an important example of that transforma-

tion of non-pathogenic into pathogenic organisms,

which we are now considering, and in which they

also are firm believers. They say (p. 217): "In

India, Hankin and Yersin have many times culti-

^ From time to time cases of Scarlet Fever have been reported in

which it is almost impossible to believe that they have not been

engendered de novo. An extremely well-authenticated case of this

kind has recently been recorded by Dr R. J. Mackeown of H.M.S.

Alacrity (see Brit. Med. Join-n.., June ii, 1904, p. 1370).
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vated non-virulent varieties of bacilli, resembling

very much the pest bacillus, from the environs of

men in houses infected with pest. . . . Pest occurs

spontaneously in rats. Epidemics of pest in rats

often precede those in man. It appears as if certain

tropical soil bacilli first become acclimated to the

rat's body, and then are transferred to man." ^

In ways thus indicated, then, quite independently

of any de novo origin of micro-organisms, we may
have such contagious diseases as septicaemia,

typhoid fever, diphtheria, scarlet fever, plague, and

other communicable affections arising de novo, in

consequence of the transformation under this or that

set of local conditions—modifications of " soil " in fact

—of some common, ever-present ftiicro-organisms.

From common organisms, they become ''specific"

or pathogenic organisms, and contagious diseases

are thus engendered, which may spread more or

less widely among the community.

It is astonishing, however, how reluctant patho-

logists are to admit such possibilities—and how they

still cling, in spite of the most obvious teachings, to

ultra-contagionist doctrines.

In conclusion, I will give one notable instance of

this, touching the origin of a fearfully common
malady which not many years since was regarded

as far more frequently having a de novo than

1 It is almost universally held by sanitary officers in India, who
have been engaged in dealing with the recent epidemic, that the

disease in rats is principally responsible for the spread of plague
;

and, as a corollary to this statement, all the evidence that has been

accumulated seems to show that rat-fleas are the chief agents in the

transmission of the disease.

U
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a contagious mode of origin. In a recent address^

by a distinguished pathologist, Professor Adami of

Montreal, he cites a very distinct case in which

certain common Bacteria under the influence of

altered conditions of life have, within a compara-

tively brief period, had their metabolic processes

completely altered ; so that, as he says, " From
having been perfectly harmless they are now
pathogenic, and can set up disease." He then

makes the following remarks: "What is to be

said concernino- the tubercle bacillus in this con-

nection.'^ In the first place we may have the

complete assurance that Adam was not created

suffering from tuberculosis. The bacillus, we may
be fairly sure, from living it may be on food-stuffs

outside the body, accustomed itself first to living

on the surface and in the passages of the organism

as a harmless saprophyte, and only later gained the

power of living not on, but in, the tissues, and from

that moment it became pathogenic." So far so

good, but then he goes on to say, this " must have

happened centuries and centuries ago." We may
wonder on what evidence he comes to such a

conclusion ; and, from my point of view, we may be

astonished to find that he arrives at such a con-

clusion simply because phthisis was well known to

early Greek writers on medicine.

In the liofht of the illustration that Adami had

previously given, and of many other well-known

facts of like kind, showing that a few days, or at

most a week or two, will generally suffice for the

^ Brit. Med. Journ., 1905, i. p. 1135.
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conversion of non-pathogenic into pathogenic organ-

isms, we may well be ' surprised at his thinking

that a process which he assumes to have occurred

once in the days of the early Greeks, and before

their time, may not be taking place now—as it may

have done through all intervening periods of time.

Like another eminent pathologist, however, he

possibly inclines, for some mysterious reason, to

the view that " the origin of the germs of disease

was probably in the remote geological past."

What has just been said is equally applicable to

the views of Dr Andrewes as expressed in his recent

Horace Dobell Lecture (Lancet, Nov. 24) on "The
Evolution of the Streptococci." Noting by the way

that the bourne of Evolution is surely not parasitism,

we find that what he speaks of is merely specialisa-

tion. But to enable these primitive organisms to

pass from the prototrophic to the metatrophic mode
of nutrition he imagines incalculable periods of time

to have been needed, and speaks of it as having

been brought about through the agency of " natural

selection." Though how, in these non-nucleated

organisms, natural selection is to act he does not

venture to hint. Where, as here, chromosomes are

absent heredity, according to current notions, would

be impossible, and without heredity no " natural

selection " could possibly come into operation.

Of course the views referred to, which are very

prevalent, are a kind of reflex of the notion that

Archebiosis itself occurred, once only, in the remote

past, and has not been repeated. Growing out

of such a view there comes the notion that the
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Bacteria of to-day are heirs of all the ages, having

descended from an untold number of generations,

rather than being often, as I believe, things of

yesterday—that is, units continually born anew,

with recurring similar forms and properties, just

as it happens with different kinds of crystals

:

the forms and properties in each case being the

necessary and invariable results of the molecular

composition of the units in question.

But, even from the point of view of such doctrines

as are now not uncommonly held by bacteriologists

(many of whom are disposed to take such a view

concerning the origin of Plague as I have quoted

from Lehmann and Neumann), we may well ask

why the tubercle Bacillus may not also frequently

arise from other common Bacilli, when these gain

access to lungs, joints, or glands in persons whose

general condition predisposes them to scrofulous or

tubercular affections. The change of doctrine con-

cerning phthisis, to which I have previously referred,

is altogether astonishing, when one thinks of the

extreme paucity of direct evidence that exists in

support of the prevalent view of the exclusive spread

of this disease by contagion.

It is now the fashion to suppose that the frag-

mentation of dried sputa from phthisical subjects

gives rise to the dissemination of contagious par-

ticles, which, taken into the lungs of susceptible

persons, set up the disease anew in them. It is well

to look, however, more closely into such a view, and

to ask what direct evidence there is in favour of this

as a common mode of dissemination of the disease.
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With regard to human beings exact and perfectly

convincing evidence is almost entirely absent.

It is well known that Behring disbelieves in this

very commonly accepted view ; and that it is

beginning to be more generally discredited by others,

is shown by the fact that, in a recent number of the

British Medical Journal, the very possibility of

such a mode of infection is questioned, as may be

seen from the following statement (November 10,

1906, p. 1323): "It is generally held that the peri-

bronchial nodules frequently observed represent the

initial lesion in pulmonary tuberculosis, and that

these result from the direct introduction of germs

carried in the air. On the other hand, evidence is

not wanting that the penetration of air-borne Bacilli

into the lungs is difficult, if not impossible."

And, even supposing that air-borne germs, con-

tained in minute fragments of pulverised sputa, are

capable of gaining access to the lungs, two other

questions arise, to which an answer should be

obtained : (i) Is the dried phthisical sputum a sub-

stance easily capable of being pulverised? and (2)

are germs contained in dried sputa, which have

undergone pulverisation, likely to retain their activity

and prove efficient contagia ?

Some experimental investigations in reference

to these latter points have recently been made by

Cadeac,^ and his results are decidedly adverse to

the still fashionable hypothesis as to the transmis-

sion of tuberculosis by the inhalation of dust derived

from dried sputa. Thus he found (i) from experi-

^ Lyon Medicale, December 10, 1905.
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ment that the expectorated matter dried slowly, and
that its conversion into dust was neither simple nor

easy. Spread thickly upon a glass plate and exposed

to ordinary daylight in the laboratory, the sputum
adhered in drying as a bright varnish, and was not

easily powdered into dust till the tenth or twelfth

day. While as regards (2) the activity of this dried

sputum, he found that even on the sixth day a con-

siderable quantity of the powder was required to

cause a discrete peritoneal tuberculosis, as a result

of inoculation. Again, the sputum spread upon a

marble plate, and kept above a stove for fourteen

days, was found to have lost its virulence for the

guinea-pig. Spread upon a porous plate and ex-

posed to sunlight it was found to be innocuous for

inoculation after forty-eight hours. Cadeac gives

other evidence of like kind, and comes to the

conclusion that dust which will cause tuberculosis

with so much difficulty by direct inoculation into the

peritoneal cavity of a guinea-pig will have much more

difficulty in infecting man's respiratory passages.

Behring, however, advocates the doctrine of

contagion in regard to tuberculosis in a different

manner. He believes that infection takes place in

the main in infancy through the intestinal canal (the

contagion being derived from milk), and that there-

after the infecting Bacilli, lodging in different parts

of the body, commonly remain latent for years, per-

haps for a long series of them. All this, however,

is pure hypothesis. As I have said elsewhere:^

"He postulates long periods of latency after

1 "The Nature and Origin of Living Matter," 1905, p. 327.
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systemic infection, hard to be believed ; and ulti-

mately requires agencies for waking the tubercle

Bacilli into activity, just such as I suppose may be

adequate for calling them into being—namely, mal-

nutrition and conditions of lowered vitality, howso-

ever produced : though among such factors impure

air and inadequate or improper food must take an

important place."

But in accordance with the view favoured by me,

as to the frequent origin of the tubercle Bacillus by

transformation of common Bacilli constantly gaining

access to the body, we might return to something

more like the doctrine " that prevailed concerning

the etiology of phthisis only a few years ago, when
the affection was freely recognised as generable

in the individual, altogether apart from contagion,

and contagion was supposed to take only a limited

share in the production of the disease. This seems

the more rational and most warranted view to take.

It is one which would tend to lay stress upon the

need for prevention as well as cure, but it would not

encourage the view that the disease could be exter-

minated, or even very largely diminished, by the

provision of ' sanatoriums ' and by efforts to minimise

the risk of contagion [— all important as these un-

doubtedly are]. I merely mean to imply that,

in my opinion, contagion is as much over-rated as

genesis is under-rated, and that our notions concern-

ing prevention must not be too much centred upon

the mere elimination of contagion." As Professor

Hueppe says, " the resisting power of a population

can change according to the social conditions. If
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through industrial development the social conditions

become bad, we have always and everywhere an

increase of tuberculosis, and this depends more on

the increase of predisposition than on the increase

of exposition. ... It is impossible to successfully

fight against tuberculosis if we only fight against the

bacilli. ... It is therefore absolutely necessary to

increase the resisting power by means of positive

hygiene, or through training one's self to health." ^

Bacteriologists, as a result of repeated processes of

heating at brief intervals and often at high tempera-

tures for the special purpose of bringing about

complete sterilisation, not only kill all pre-existing

micro-organisms, but, as I maintain, destroy also

any potential germinality of the media themselves.

These media, after having been treated as above

indicated, will nourish and favour the multiplication

of living Bacteria with which they are inoculated,

but they will never engender them. They behave,

in fact, exactly like a boiled ammonium tartrate

solution—this also does not engender, but will freely

nourish Bacteria.^ As a result of habitually dealing

with media thus treated (though they know that, with

the exception of the spores of Bacilli, all the microbes

in their media may be destroyed by being boiled

once only, for five minutes or less), bacteriologists

have come to the conclusion that Bacteria never

arise de novo.

^ TheJournal of State Medicine^ J'l^ny- I904) P- lo.

2 See pp. 57 and 58, where the difference between "nourishing" and
"generating" fluids has been more fully set forth.
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Hitherto they have shown not the least disposi-

tion to modify their methods, with a view to seek

such results as I have obtained. The modification

needed would be, of course, to heat their nourishing

fluids (semi-solid media would not be favourable for

the trial) only sufificiently to destroy pre-existing-

living things, and then to take suitable means, by

the agency of heat or light, to favour the possible

engendering of new living matter.

Their exclusive occupation with their own
methods is unfortunate simply because it has

so long had the effect of giving sanction to ultra-

contagionist doctrines. But, as I have pointed out,

the prosecution of their own researches, by their

own methods, is now tending rapidly to show that

wider views are necessary, and that they must

recognise as facts what for so long it has been their

habit to deny—namely, that contagious and infec-

tious diseases frequently arise de novo.

Still this view is being forced upon them inde-

pendently of any necessary belief in the " spontaneous

generation " of micro-organisms. It comes, as I

have pointed out, as a consequence of multitudinous

observations tending to show that pathogenic are

constantly being derived, as Lehmann and Neumann
say, from non-pathogenic organisms—by reason of

gradual alterations brought about not so much in

their form as in the metabolic processes inseparable

from their life and growth.

When a contagious disease is once established, of

course everything must be done, as far as possible,

to check its course in the individual ; and likewise
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to diminish, as far as possible, its spread to other

members of the community. In both these direc-

tions the work of bacteriologists has been proving of J
incalculable value. Their study of toxins, antitoxins,

opsonins, and serum-therapy generally is gradually

leading to brilliant results both in the prevention and
in the cure of disease. I, however, am naturally not

so sanguine as many others, who still pin their faith

to ultra-contagionist doctrines, that these diseases can

be effectively stamped out by the mere prevention of

contagion. Believing, as we all must, in their de

novo origin in the past, I have always failed to see

why they may not also be engendered in the

present, and have been impressed by the weight

of evidence tending to show that several of them, at

least, do so arise from time to time. Modern
researches are now justifying this view and lending

support, as I urged five and thirty years ago, to the

necessity for the most diligent search into the con-

ditions of origin of all these affections. And the

more contagious the disease, the more important

does the quest become.
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you as being the best cohception of

your duty both to your patient and to

yourself.

DISEASES OF THE RESPIRA-
TORY ORGANS; AIR BORNE.

BY C. B. NEWTON, M. D.

,

STAFFORD SPRINGS, CONN.

Read at the annual medical meeting at Rockville, April

21, 1908.

IT IS fitting that allusion be made to

the great pandemic which pre-

vailed the past winter. The grippe

which appeared here was in Florida,

San Francisco, Hawaii in the Sand-

wich Islands as well as in New York,

London and Berlin. With its annual

recurrence it would seem to take a

milder form than that of the epidemic

of 1889 and 90.

Then we found ourselves seriously

under its malign influence. Persons

in previous health were prostrated in

an hour. Its insidious poison often

spent its virulence upon the cardiac

nerves, fatally slowing the action of

the heart. I saw during that first year

strong men so overcome with its toxe-

mic effect that in 24 hours after the

attack raising up in bed would have

caused a fatal syncope.

Every physician will predict a re-

newal of what goes by the name of a

"cold" when the wind is easterly in

\the winter months, but it will have

none of the pathological conditions of

the grippe. No one would anticipate

the prevalence of influenza from the

westerly winds any more than he

would expect cold weather from the

south or hot winds from the north, for

we are under meteorological influences

which some day will be more fully un-

derstood.

Influenza is said to be of Asiatic

origin. Many things which concern us

physically had their beginning in the

Orient. Here our first parents were

made in the Garden of Eden between

the Tigris and the Euphrates. From
there came our religious uplifting

from barbarism to a better and a

nobler race. But what of the long list

of diseases which had their beginning

in the far east?

The grippe, the plague, variola and

the man-made venereal having birith

in the filth and ignorance of the dark

and yellow races. We used to use the

indefinite expression miasma for lack

of a more scientific term. Now after

much study of the grippe a bacillus

has been discovered or at least sus-

pected, a small non-motile organism.

A bacillus was isolated from bronchial

secretion in 1892. Does not attack

animals.

In great pandemics of influenza the

general rule holds good that other

diseases do not prevail to the usual

extent. Typhoid fever did not prevail

as before during the malarial epidemic

of 25 years ago.

Since its type has materially changed

to a milder form and less frequent, it

may be that diseases antagonize for

lack of a better expression. Two
lions will not live in the same desert.

Influenza appearing in Europe and
the United States at about the same
time, was brought to us by air cur-

rents blowing from the East? When
epidemic in London it is epidemic in

New York. If the infection is carried

from person to person the period of

incubation is very brief indeed, for the

city is under its grippe in a day.

The influenza germ we may reason-

ably suppose can be bbrne on the

winds, everyone inhaling the infected

air at the same time. If the disease

is caused by amicrogerm, we have yet

to know how to evade and destroy it.

We practical physicians may get the

benefit of the research of scientists in

the borderland of theory and experi-
,

ment. We have a promise of still
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greater discoveries which we will util-

ize in our practice.

One thousand passengers landing in

' New York ill with the grippe could not

inflict upon 3,000,000 people the dis-

ease in a day. People living in remote

places are as surely attacked at the

same time—all breathing the same

definite infection.

We may well suppose that the bacil-

lus of influenza if so persistent of life,

carried long distances in air, may be

borne across the ocean and retain its

ability to poison us. A curious fact is

that it is a disease of the winter

—

and the cold months. Scientists do

not tell us why, but they tell us what

they know about the disease and more

will be known. We are always thank-

ful that bright men are making so

close and continuous studies in path-

ology.

Of the origin of the bacillus of in-

fluenza we know. not. We only know

that when it prevails it is a world-wide

poison.

Prof. Lowell speaks of protoplasm

"as the basis of all life and may be

called the life molecule. The organic

molecule is only a chemical combina-

tion of inorganic substances." He
says, "there is now no more reason to

doubt that plants grow out of chemical

affinity than to doubt that stones did.

Spontaneous generation is as certain

as spontaneous variation"^which is

nearly or quite a supposition that the

original molecule by spontaneous

variation may become the bacillus of

influenza. Thus carrying on the

building up process begun by the in-

rganic before it, though we know not

jail, this reasonable theory is fully as

plausible as another of the beginning

of the protoplasmic organic molecule

having its genesis in suitable condi-

tions of air, water and changes in or-

ganic matter more primative than by

ovulation or reproduction by fission.

Influenza affords an example of an
!

epidemic disease attacking a whole

community in a few hours. It was
once inferred that the occurrence of

this disease was caused by peculia-

conditions of the atmosphere becau;

of its sudden and universal appearanc <

It was once thought to be in some
relation to electrical phenomena; to

ozone in excess. Opinions were all at

sea as to a definite cause.

It is observed that the sequel of in-

fluenza is more formidable than the

outset. The fact that it is so wide

spread at once would indicate a feature

quite distinct from other contagions

which we know are only spread by close

contact, as the possibly air borne

tubercular dust of the street.

During an epidemic of this disease,

pneumonia will take on the grippe

type, requiring more tonic and stimu.

lating treatment, more nutrition, more

watching of the heart, more glonoin

and strychnia.

If we have bloody sputum, pleurisy,

increased respiration, high tempera-

ture, we will have all the signs of fail-

ing strength so characteristic of the

grippe complications. We believe

that the bacillus of diphtheria, scarla-

tina and typhoid fever will remain

virulent a long time as we know in a

block of ice or especially in clothing,

are air borne and destroyed by germi-

cides. Truly the toxins of commun-

icable diseases vary greatly in fatality

as well as in their range of infection;

one limited to the air of the sick room,

the other to the air of the continent.

One is local the other is immensity.

We remember the epizootic whicl

poisoned the horses like a pestilence

was borne on the winds. Horses were

sick in Boston Monday and on Wed-

nesday horses were down with the dis-

ease in Buffalo, by the end of the week

we heard of it 1000 miles beyond.

Not from horse to horse, but the last
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one contracted the disease after the

manner of the first one. Thus influ-

enza is contracted a thousand times

from its toxic bacillus in air where

once it is taken from the individual.
'" The air so vastly laden with these

idefinable toxins remind one of that

_^reat day of smoky atmosphere which

darkened the skyfrom Ocean to Ocean.

I'hough pathologically germless, hav-

ing an origin obscure, we breathed it

wondering at the harmless phenomena
without the panic of a thought that the

world was coming to an end.

The Sirocco, an oppressive and

/loxious wind, blowing with the rising

sun from the Libyan desert, chiefly

noticed in Italy, carries as yet an in-

definable toxin injurious to health.

The Monsoon, a wind blowing from

the Indian Ocean, has been supposed

to be the carrier of the germs of chol-

era over Southern Asia, the truth of

"'hich it would be difficult to prove as

it is difficult to prove many things be-

yond the shadow of a doubt.

Of the various micro-organisms

which may be found in air currents

( ow are we to determine what or

hich caused the pathological effect.

Pollen, the fecundating dust of

lowers and grasses are borne on the

winds causing asthma in persons sus-

ceptible—acting as a toxin upon the

I

mucous membrane. But pollen is not

(a bacillus.

Though it is taught that the disease

is contagious we cannot escape from it

by going away as we would from vari-

ola or diphtheria having a local preva-

I

^nce. We cannot escape it as we can a

vld or hot climate. Like the wireless

ilegraph it will reach us wherever we
lay be. The air of high altitudes

contain no microbe prevalent in the

city, but the microbe of influenza is

.iniversal when pandemic.

During a recent year the death-rate

.om influenza in our own state was

237, while the mortality from typhoid

fever was 213, the former a disease of

high death-rate.

The minute and complete report of

the Conn. State Board of Health is in

striking contrast with the neglect of

vital statistics of Turkey. The French
Government wishing to obtain definite

statistics on points relating to a cer-

tain Turkish province, recently sent

blanks with questions to be answered
to the Pasha of Damascus:

Question.—What is the death-rate in

your province?

Answer.—In Damascus it is the will

of Allah that all should die. Some die

young and some die old.

Question.—What is the annual num-
ber of births?

Afiswer.—God alone can say. I do
not know. I hesitate to inquire.

Question.—Are the supplies of water

good and sufficient?

Answer.—From the remotest period

no one has died in Damascus of thirst.

General Remarks. As to Local Sani-

tation.—Man should not bother himself

or his brother with questions that con-

cern only Allah.

THE VALUE OF MORPHINE
DERIVATIVES IN OCULAR

THERAPEUTICS.

BY L. WEBSTER FOX, A. M. , M. D.,

PHILADELPHIA.

A paper read at the Ninth Annual Meeting of the Amer-
ican Therapeutic Society in Philadelphia,

May 8, 1908.

SOME of thenewersalts of morphine,

but whose efficiency or improve-

ment over the older and more stable

preparations has not been proven, are

anisate, benzoate, borate, phthalate

and tartrate, saccharinated, stearate,

heroin—an acetic ester of morphine

—

and ethyl- morphine hydrochlorate

(dionin). This latter derivative is the
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only one which has proven of value in

ophthalmic practice.

Dionin has proved to be a valuable

drug in ophthalmic practice. From

the time that Dr. Wolfberg of Breslau

drew the attention of the profession to

its use in the treatment of eye diseases,

many other investigators have tested

it in a large number and several kinds

of cases. Darier of Paris was enthu-

siastic as to its value, and many articles

upon its use by other ophthalmic sur-

geons have been published.

Ethyl-morphine hydrochlorate (gen-

erally known as dionin) is a derivative

of morphine, having the chemical for-

mula Ci9H23N03HCl-f H20. It is

supplied as a white, odorless, bitter

powder, soluble in about seven parts

of water. It is an advantage that its

aqueous solution keeps unchanged for

a considerable time. In ophthalmic

practice it has been used in the pow-

der form, in aqueous solutions of from

one to ten per cent, as an ointment,

or in rods of cocoa butter of the same

strength.

When applied to the eye, dionin pro-

duces a smarting sensation, and even a

slight pain at first, followed by sneez-

ing in many cases. There is more or

less vascular injection and chemosis of

the conjunctiva, with an increased

flow of tears. Dionin has no effect on

the pupil, the accomodation, or intra-

ocular pressure. In one patient, how-

ever, I noticed that after needling for

soft cataract and making an applica-

tion of dionin, the pupil became con-

tracted, although full atropine mydri-

asis existed before its application.

The pupil again dilated after the

chemosis of the conjunctiva disap-

peared.

When the drug is for the first time

used, in five or ten per cent, solution,

the rapidly induced chemosis is most

alarming to witness, but a study of its

action has shown that it is only pro-

duced by the stronger solutions. With

the weaker (one to two per cent.)

there is no chemosis and but little

smarting is produced. Darier, how-
ever, claimed that the more intense

the reaction, the greater ife the benefit

produced. Dionin is an analgesic and

its action sets in within a few minutes^

after it is applied to the eye, but it is

not an anesthetic, thesensibility of the

cornea remaining unchanged by its use.

In this it differs from cocaine and

holocain, both of which are anesthe-

tics, as well as analgesics, but cocaine

and holocain are inferior to dionin in

analgesic effect.

Many ophthalmologists in France.

Germany, Russia and the United States

have experimented with dionin since

Darier so persistently forced its claim

upon the notice of the profession, ard

it has been tested in a great variety of

cases, such as acute conjunctivitis,

trachoma, blepharitis, sclerotitis, pan-^.j

nus, parenchymatous and phlyctenular I

keratitis, ulceration of the cornea,
j

corneal opacities, iritis, vitreous opac-

ities, retinal detachment, choroiditis,

glaucoma and secondary cataract.

The majority of writers agree in

stating that dionin has a distinct influ-

ence in relieving pain, especially when

connected with corneal or uveal affec-

tions. It also shows a marked influ-

ence in clearing corneal opacities,

which action is attributed to its lymph-

agogic effect, and it has been claimed

that it is distinctly useful in iritis and

retinal detachment.

Reports of its action in the hands of

different investigators have somewhat *

varied, and it may not be uninterest-

ing to furnish yet another report of the

results from its use as observed i
' the

Ophthalmic Department of the Medico-

Chirurgical Hospital in Philadelphia

and also in my private practice.

The value of this drug lies in the

mode of its application. My expe-
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